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The Powdery Mildews 
Powdery mildews are probably the most common, 
conspicuous, widespread, and easily recognizable plant 
diseases. They affect all kinds of plants. 
Powdery mi'dews are characterized by the appearance of 
spots or patches of a white to grayish, powdery, growth on 
young plant tissues, or of entire leaves and other organs being 
completely covered by the white powdery mass. Tiny, pinhead 
sized, spherical, at first white later turning to yellow-brown, 
and finally becomes black. Cleistothecia may be present 
singly or in groups on the white-grayish mildew in the older 
areas of infection. It is commonly observed on the upper side 
of the leaves, but it also affects the underside young shoots, 
stems, buds, flowers, and young fruits. 
The fungi causing this disease are obligate parasites they 
cannot be cultured on artificial nutrient media. They produce 
mycelium that grows only on the surface of plant tissues, 
never invading the tissues themselves. They obtain nutrients 
from the plant by sending haustoria (feeding organs) into the 
epidermal cells of the plant organs. The mycelium produces 
short conidiophores on the plant surface. Each conidiophore 
produce chains of rectangular, ovoid, or round conidia that 
are carried by air currents. When environmental and 
nutritional conditions become unfavourable, the fungus 
may produce cleistothecia containing one or a few asci. The 
powdery mildew fungi, although they are common and cause 
serious diseases in cool or warm, humid areas, are even more 
common and severe in warm, dry climates. This happens 
because their spores can be released, germinate, and cause 
infection even when there is no film of water on the plant 
surface as long as the relative humidity in the air is fairly 
high. Once infection has begun the mycelium continues to 
spread on the plant surface regardless of the moisture 
conditions in the atmosphere. 
Powdery mildews are widespread, among crop plants and 
ornamentals causing a threat for plant growth and crop yield, 
on all crops probably surpass the losses caused by any other 
single type of plant disease. It seldom kill their hosts but 
utilize their nutrients, reduce photosynthesis, increase 
respiration and transpiration, impair growth, and reduce 
yields, sometimes by as much as 20-40%. Among the plants 
most severely affected by powdery mildew are various cereals, 
as wheat and barley. Other crops that suffer common and 
severe losses are the cucurbits, especially cantaloupe, squash, 
and cucumber; sugar beets; strawberries; clovers; many 
ornamentals as rose, begonia, dephinium, azalea and lilac; 
grape; and many trees viz., apple, catalpa and oak. The 
control of powdery mildews in cereals and several other 
annual crops has been primarily through the use of resistant 
varieties but, more recently, also with systemic fungicides 
such as ethirimol, triadimenol, and triforine used as seed 
treatments, or prochloraz, triadimefon, tridemorph, and 
triforine, and others, used as foliar sprays. The same 
chemicals are used for control of powdery mildews in other 
crops and in ornamentals, although elemental sulfur and 
dinocap have been used extensively and effectively. Powdery 
mildew on apple, is effectively controlled with sprays of any 
of several sterol inhibiting systemic fungicides such as 
triadimefon, etaconazole, bitertanol and triforine, also 
controlled experimentally with sprays of phosphate salt 
solution and detergents or ultrafine oils. 
The powdery mildew diseases of various crops or other 
plants are caused by many species of fungi of the family 
Erysiphaceae grouped into seven main genera. These genera 
are distinguished from one another by the number (one versus 
several) of asci per cleistothecium and by the morphology of 
hyphal appendages growing out of the wall of the 
cleistothecium. 
Er\;siphe cichoracearum, causing powdery mildew of 
begonia, chrysanthemum, cucurbits, Dahlia, Zinnia and E. 
polygoni of legumes, beets, crucifers, and cucurbits. 
Blumeria graminis of cereals and grasses. 
Microsphaera alni, causing powdery mildew of many 
shade trees and woody ornamentals. 
Phi;Uactinia sp, causing powdery mildew of shade and 
forest trees. 
Podosphaera, causing powdery mildew of apple, pear 
and quince, and P. ox\;acanthae of apricot, cherry, peach 
and plum. Sphaerotheca macularis causing powdery mildew 
of strawberry, S. mors-uuae, of gooseberry and currant, and 
S. pannosa of peach and rose. 
Uncinula necator, causing powdery mildew of grape and 
horse chestnut. 
Family Brass icaceae 
Raphanus L.( Fam. Crucifcrae synm. Brass icaceae) 
A small genus of annual to perennial herbs distributed 
chiefly in Mediterranean region. R. sativus (radish) is 
cultivated throughout the world for its roots which are used as 
vegetables. 
R. sativus L. (Radish) - An annual or biennial bristly 
herb with a white or brightly coloured tuberous tap root, 
cultivated throughout India and upto 3,000 m in the 
Himalayas and other hilly regions. Stems simple or 
branched, erect, 20-100 cm; basal leaves long, lyrately 
pinnate or pinnatisect, coarsely toothed; cauline leaves 
simple, linear; flowers in long terminal racemes, usually white 
or lilac with purple veins, fruits inflated, 25-90 mm long, with 
a long tapering beak, hardly or irregularly constricted and 
filled inside with white pith between the seeds; seeds 2-8, 
globose, yellow or brown. R. satiuus is not known in the wild 
state. 
R. satiuus exhibits a wide range of forms with regards to 
size, shape and colour of the roots, time required to reach 
maturity after planting and the keeping and edible quality of 
roots. 
A large number of types of radish, indigenous as well as 
introduced, are found under cultivation in the different areas 
of the country. 
Radish is attacked by very few diseases and pests in this 
country viz., Root rot caused by P\^thium aphanidermatum 
(Edson) Fitzpatrick. Cabbage black ring spot virus belonging to 
turnip virus I group is reported from U.P. Aphis gossi^piae 
Gloner, Mi;zus persicae (Sulz.) and Breuicoryne brassica L., 
are reported to be the vectors. 
The mustard saw fly, Athalia proximo Klug., which is a 
pest of the nurseries of cruciferous plants is said to cause 
severe damage sometimes. Hand picking of larvae where the 
area involved is small, or spraying with lead arsenate or 
dusting with BHC are recommended. The mustard aphis, 
SipHoceri^ne indobrassicae Das, sometimes attack radish and 
other cruciferous crops. Spraying with nicotine sulphate or 
dusting with Hexamar BHC or Gammexane are recommended. 
The radishes can be stored at room temperature for 3-4 
days during winter in N. India without impairing their quality. 
Under cold storage they can be kept for over 2 months at 0° 
at an R.H. of 90-95%. 
Radish is eaten raw as salad or cooked as vegetables;, it 
is much- relished for its pungent flavour and is considered an 
appetizer. The leaves are also boiled and eaten. Radish is 
credited with refreshing and depurative properties. Radish 
preparations are useful in liver and gall bladder troubles. In 
homoeopathy they are used for neuralgic headaches, 
sleeplessness and chronic diarrhoea. Roots, leaves, flowers 
and pods are active against Gram + bacteria. Roots are used 
in urinary complaints, piles and in gastrodynia. A salt extract 
from roots dried and burnt to white ash, is used in stomach 
troubles. Juices of fresh leaves is used as diuretic and 
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laxative. The seeds are said to be peptic, expectorant, 
diuretic and carminative. 
Radish is a good source of ascorbic acid (15-40 
mg/lOOg) and suppHes a variety of mineral salts. Trace 
elements include aluminium, barium, lithium, manganese, 
silicon, titanium, fluorine and iodine (upto 18 ).Lg/100g). 
There is an appreciable loss of ascorbic acid during storage, 
cooking or drying of radish. Radish contains glucose as the 
major sugar and smaller quantities of fructose and sucrose. 
Pectin (0.3% as calcium pectate) and pentosans are also 
reported, while starch is absent. Organic acids detected 
include p-coumaric, caffeic, feurulic, phenyl pyruvic, gentistic, 
and p-hydroxybenzoic acids. Non protein nitrogen accounts 
for about 40% of total nitrogen. The characteristic pungent 
flavour of radish is due to the presence of volatile 
isothiocyanates (mustard oils), in the form of a glucoside. 
Brassica L. (Fam. Cruciferae synm. Brass icaceae) 
Genus Brassica consists of over 150 sp of annual or 
biennial herbs, several of which are cultivated as oil-seed 
crops (rape and mustard) or as vegetable crops (cabbage, 
cauliflower). The seeds of some yield the condiment, mustard. 
A few brassicas furnish fodder and green manure. 
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These plants are natives of the north temperate 
zone, but pass into the sub-tropics and tropics as cold weather 
crops. The vegetables, cabbage, cauliflower, brussels, sprouts, 
knol-kohl are varieties of B. oleracea and turnip is B. rapa. 
Olieferous brassicas:-
The oil yielding brassicas are predominantly cross-
pollinated. In India the principle oil seed crops are yellow 
sarson, brown sarson, toria and rai. The seeds of oleiferous 
brassicas contain 35-50% of fatty oil and about 20% of 
protein matter. Their free essential oil content is usually very 
low,.but they contain small proportions of glucosides which 'on 
hydrolysis yield volatile mustard oils. 
Rape is a general term applied to the seeds of oleiferous 
brassicas, cultivated in many parts of the world as oil seed 
crops. Yellow sarson, Indian colza (B. campestris L. var. 
sarson) Prain. is cultivated in U.P., Punjab, Bihar and Bengal 
and has 35-48% fixed oil and 0.27% of volatile oil. 
Brassica campestris L. 
An oleiferous species, with broad-based stem, clasping 
leaves, which are somewhat hairy and glaucous. In India, it is 
represented by the varieties sarson and toria. B. campestris 
var. sarson Prain. syn. B. campestris var. glauca sp. Roxb. 
(Yellow sarson/Indian colza) 
A sparsely branched herb with lower leaves and lower 
part of stem generally hairy. The petals are narrow and do not 
overlap as in toria. The pods are plumpy with a slightly 
flattened beak, often containing 1 or 2 seeds. These are light 
yellow or brown with a smooth seed coat and a non-
mucilaginous epidermis. Sarson is a self fertile species, and 
also matures later then toria. Sarson requires a medium loamy 
soil. It is generally grown mixed with wheat or barley, and is 
sown in rows alternating with those of the cereals. It is 
generally sown in the beginning of October and harvested in 
the middle of February. Before sowing, land is prepared by 
ploughing it 2-3 times. To obtain good and uniform 
germination care must be taken to see that the seeds are not 
buried too deep in the soil, and it is better to use a seed drill. 
The crop is seldom intercultivated. When sown as a mixed 
crop, the seed rate is about 1.5-2.0 lb per acre, and when 
sown as a pure crop, it is about 4-5 lb per acre. 
Sarson is considered a rather precarious crop, 
susceptible to insect pests, blight diseases, and also to the 
vicissitudes of climatic conditions. It is often subject to attack 
by aphids, which suck the sap from young shoots and 
developing fruits. The oil is used in India for cooking 
purposes. It is also used for "oil-baths' and it is believed to 
strengthen the skin and to keep it cool and healthy. With 
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camphor it forms an efficacious embrocation in cases of 
muscular rheumatism, stiff neck, etc. The oil is used for 
lightning purposes and the oilcalce is a cattle feed. The seeds 
mixed with hot water from an efficient counter irritant 
poultice. The tender leaves and shoots are relished as pot 
herbs. 
Brassica oleracea L. va r . botrytis L. (Caul i f lower , 
Broccoli) 
, The edible portion of cauliflower is the white curd-li'ke 
mass composed of a close aggregation of abortive flowers, 
developed on thick branches of the inflorescence. The 
cauliflower is cultivated in most parts of India, especially in 
the north-west, where it is grown on a large scale. Broccoli, a 
late variety of cauliflower with larger leaves and smaller 
heads, is reported to be unsuitable for cultivation in the 
tropics. 
The plant thrives best on a rich loamy soil. It is heavily 
manured with well rotted FYM (at least 40 cart loads per 
acre), and also with phosphates and cotton seed meal. If the 
soil is deficient in boron, some borax is added to the 
fertilizers to prevent the curds from becoming brown, and the 
stems, hollow. Frequent top-dressings with small quantities of 
sulphate of ammonia or nitrate of soda is also essential. 
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Cauliflower, cabbage, and turnip, as well as some of 
the other members of the Brassicaceae are subject to fungal 
diseases such as the 'downy mildew' {Peronospora parasitica 
Tul.), the white rust {Ci;stopis candidus Lev.) and the blight 
{Alternaria brassicae Sacc) , the last being the most 
destructive. The usual remedy is to spray a fungucide like 
Bordeaux mixture. The cabbage aphis, the 'painted bug' and 
catterpillars of the cabbage butterfly are the usual insect 
pests. The cabbage aphis is controlled by spraying with 
tobacco solution or weak soap solution. A resin compound is 
recommended for the painted bug (rosin, grade 3, 12 lb; 
sodium carbonate, 2 lb; water 18 gals.). 
Cauliflower is used as a vegetable in curries, soup, etc., 
and is also pickled. In places where production is large, it is 
dried and preserved for use in the off season Small seedlings 
are used as greens. 
Brassica oleracea L. va r . capitata L. (Cabbage) 
Cabbage is a native of the coastal regions of Europe, 
thrives best in temperate climates. In India, it is cultivated on 
the hills, and during the cold season also in the plains. 
Although a biennial, it is grown as an annual crop. 
In the plains, the sowing season is July- Nov. whereas on 
the hills, it is Feb.-May and Oct.-Nov. An acre of land requires 
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6-8 oz. of seeds. When the seedlings are 3-4" high, they 
are transplanted into rows 2-2 V2' apart. The crop is harvested 
in 90-120 days, when the heads attain their full size and are 
hard. The weight of cabbage ranges from 2-12 lb and the yield 
is 200-300 mds. per acre. 
The crop requires frequent irrigation and heavy 
manuring. Well rotted FYM (40 cart-loads per acre) should be 
incorporated into the soil by 3-4 ploughings. Nitrate of soda 
at a rate of 2 mds. per acre should also be used as a top-
dressing. Good tillage has to be continued as late as possible 
even at the risk of injury to outer leaves. 
Cabbage is an important vegetable, and is used in 
curries, pickles, etc. It is also used for feeding stock and 
chicken. 
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O c c u r r e n c e and new h o s t r e c o r d s 
In an a t t empt to study the perfect s tage of powdery 
mildew of cucurbits , it was observed by Khan and Khan (1970) 
that per i thecia were produced on certain variet ies of Cucumis 
satiuus and Lagenaria leucantha when they were inoculated 
from conidial cultures obtained from Luffa acutangula. 
Melothria inaderaspatana, Cucurbita moschata and L 
leucantha. It took 6 0 - 6 5 days for the product ion of per i thecia 
during Sep tember November and only 2 0 - 2 5 days during 
December -February Ascospores matured 10-15 days after 
the a p p e a r a n c e of per i thecia Though infection occurred, nc 
per i thecia were produced during March-August The detailed 
study of per i thecia indicated that they were of Sphaerotheca 
fuligmea and not of Er\;siphe cichoracearum 
Kothari and Bhatnagar (1971) repor ted two new hosts 
of powdery mildews. One was Cassia sophera L 
(Caesalpiniae) . Hyperparas i t e {Cicinobolus cesatii) was 
observed on the fungus from Sep tember -December in severe 
form On the basis of morphological charac te rs of 
con id iophores and the absence of cleis tothecia the mildew is 
ass igned to the form genus Oidium and ano the r was Rumex 
dentatus (Polygonaceae) . Er\;siphe polygoni is known on 
various species of Rumex but p resen t material differs in 
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having conidia in chains It is, therefore , assigned to the 
form genus Oidium 
Mathur et al (1971) observed powdery mildew fungal 
spores of Sphaerotheca fuliginea (Schlecht ) Pollacci and 
Oidiopsis taunca (Lev ) Salmon on the host Dimorphotheca 
sinuata , an annual o rnamenta l plant From last week of Jan 
to last week of Feb , the pa thogen remained in Oidium stage 
with the deve lopment of cleis tothecia in later s tage In the last 
week of Feb , Oidiopsis stage of powdery mildew developed 
without any perfect stage being observed 
Mathur et al (1971) repor ted two new species and three 
new hosts of powdery mildews from India viz . Erx^siphe 
cichoracearum DC on the leaves of Cucumis melo var 
utiJissimus Duthie and Fuller (Cucurbi taceae) , Oidium 
pedilanthi spec nov on living leaves of Pedilanthus 
tith\;ma!oides Poit (Euphorbiaceae) ; Oidium amaranthi 
spec nov on living leaves of Amaranthus caudatus L 
(Amaranthaceae) and Leueillula taunca (Lev ) Arn on Tndex 
procumbens L (Composi tae) and Solanum nigruin L 
(Solanaceae) 
Prasada et al (1971)descr ibed some new host records of 
Leueillula (Oidiopsis) taunca The hosts were Albizzia 
lebbek Benth; Blumea acera DC , Chenanthus chein L , 
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Chri^santhemum carinatum Shcousb . ; Chr\^santhemum 
segetum L.; Coriandrum sativum L.; Leucas aspera Spreng 
and Malua neglecta Wallr 
Sankhla et al. (1971) described Leueillula taurica on 
hollyhock [Althaea rosea Cav ) 
Singh et al. (1971) described Er];siphe pol];phaga 
Hammar lund on brinjal (Solanum melongena) in respect of 
conidial cha rac te r s , their measu remen t s , time taken by conidia 
for germina t ion , type of germ tube and appressor ia produced . 
Peri thecial s tage of some species of Er\;siphe and 
Sphaerotheca fuliginea has been recorded on certain hosts 
by Khan et al. (1972) . The occur rence of Erysiphe communis 
(Wallroth) Link, on Lepidium densiflorum Schrad and 
Er\;siphe ranunculi Greville on Ranunculus muricatus L. are 
new records . Peri thecial s tage of Eri^siphe cichoracearum 
DC. has been recorded from Coccinia cordifolia (L.) Cogn. , a 
wild cucurbit; and of Sphaerotheca fuliginea (Schlecht.) Poll, 
from Lagenaria leucantha (Duch.) Rusby and Cucurbita 
maxima Duch. , cultivated species of cucurbi ts . 
Malik et al. (1973) recorded powdery mildew with 
perfect s tage on several cucurbi taceous hosts in different par t s 
of the country . These were Er^/siphe trifolii Grev. on the 
living leaves of Robinia pseudoaccacia L. (Leguminosae) as a 
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new host record. Er\^siphe heraclei DC. on the Hving 
leaves of Daucus carota L. (Umbelliferae) as a perfect stage 
for the first time. E. cichoracearum DC. on the living leaves 
and stems of Benincasa hispida L. (Cucurbitaceae) and on the 
living leaves and stems of Physalis peruuianum L. 
(Solanaceae). Sphaerotheca fuliginea (Schlecht) Poll.on the 
living leaves and stems of Bidens biternata Lour. 
(Compositae) as a first record. 
Munjal and Kapoor (1973) reported Carica papa\;a as a 
new host of Sphaerotheca fuliginea (Schlecht. ex Fr.) Poll, 
under the glass house conditions. 
During survey of the cucurbit powdery mildew in Kashmir 
in Sep. 1968, it was observed by Khan et al. (1974) that t,he 
disease occurred widely. Large number of cucurbits were 
infected in varying degree in most of the localities. Disease 
intensity was high in most of the crops. The pathogen mainly 
occurred in conidial stage. Perithecia were observed only on 
Lagenaria leucantha and Cucurbita maxima, and on the 
basis of morphological characters it was diagnosed as 
Sphaerotheca fuliginea. Conidia obtained from all the 
cucurbits on germination produced characteristic germ tut^es 
of Sphaerotheca. In artificial inoculations with conidia from 
L. leucantha or C. maxima, Lagenaria leucantha, Luffa 
c{;lindrica, L. acutangula, Benincasa hispida, Cucurbita 
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moschata, C. maxima, C. pepo, Citrullus vulgaris, C. 
vulgaris var. fistulosus, Cucumis sativus, C. melo var. 
utillissimus, Trichosanthes dioica, T. anguina and 
Momordica charantia became infected to a varying degree . 
Amongst these hosts character is t ic per i thecia of S. fuliginea 
were p roduced only on Lager)aria leucar\tha and Cucumis 
sativus. 
Peri thecial s tage of th ree powdery mildews have been 
repor ted by Khan et al. (1975) . P. guttata on the living 
leaves of P. am\;gdalus (L.) S tokes , Mandel (Rosaceae); 
Er\;siphe communis (Wallr.) Link, on the living leaves ,of 
Alliaria officinalis Andrz. (Cruciferae); Uncinula adunca 
(Wallr. ex Fr.) Lev. on the living leaves of Populus 
bahamifera L. (Salicaceae) and £ . pol\^goni DC. on the living 
leaves of Poli^gonum aviculare L. (Polygonaceae) . 
Chitriv and Wangikar (1978) described Pedilanthus 
tith\>;maloides Poit . , an o rnamenta l plant , a new host record 
of Sphaerotheca fuliginea (Schlecht.) Poll. 
Deshpande and Dake(1978) described powdery mildew 
caused by Oidium sp on Chamaes\^ce parviflora 
(L.)Com.Nov. , Chri,;santhemum carinatum L., Citrullus 
vulgaris var. fistulosus L., Cocculus hirtusus. L. Diels, 
Cosmos diversifolius Ot to . , Launaea nudicaulis Hook.f,, 
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Merremia emarginata Hall . , Oxalis cornculata L., 
Pergularia daemia (Forsk.) Chiov. , Phaseolus aconitifoHus 
Jacq . , Phaseolus sublocatus Wall., Phaseolus trilobus Ait., 
Phi^llanthus maderaspatensis L., Ph\;salis minima L., 
Sesamum indicum D C , Sonchus oleraceus L. and Tephrosia 
purpurea Pe r s . , Oidiopsis s ta te of Leueillula taurica (Lev.) 
Arn. has been found on Ammanr^ia haccifera L., Ammarinia 
multiflora Roxb. , Capsicum frutescens L. and Verbena 
pinnatifida. Oidium state of Erysiphe conuohuli DC. ex. St. 
Am has been found on Convolvulus arvensis L. 
Sha rma (1978) described powdery mildew of some 
curcubits from Jammu as per i thecial s tage of the pa thogen S. 
fuliginea infecting Cucurbita pepo L., Cucumis melo L. var. 
utilissimus (Duthey and Fuller) and Citrullus vulgaris var. 
fistulosus S tewart encoun te red during the survey. 
Khune et al. (1979) described chickpea {Cicer arietinum 
L.) as a new host record of Leveillula taurica (Lev ) Arn 
(Oidiopsis s tate) . 
Jhoo ty and Munshi (1980) repor ted powdery mildew of 
cowpea {Vigna unguiculata (L.) Walp ) caused by 
Sphaerotheca fuliginea from Punjab 
Mahrshi and S i radhana (1980) found that the leaves of 
bott le gourd [Lagenaria siceraria (Mol.) Standll] and [Luffa 
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acutangula L.] were infected with Oidiopsis taurica (Lev.) 
Salmon alone or concomitantly with Sphaerotheca fuliginea. 
The perfect stage was not observed. However, the characters 
of the fungus on both the hosts suggested it to be the 
Oidiopsis taurica (Lev.) Salmon, the vegetative form of 
Leveillula taurica (Lev.) Arn. 
Sharma and Chaudhary (1980) described powdery mildpw 
fungus Eri;siphe biocellata Ehrenb. on Ocimum sanctum L., 
an important religious and medicinal plant in India during 
winters of 1978 and 1979 in J & K. 
During a survey in the month of March, Chitale et al. 
(1981) came across the cleistothecial stage of E. po!\^goni 
DC. on lentil {Lens esculentus Moench.) alongwith its 
asexual stage. The fungus was strictly epiphyllous in nature. 
Mikolajska and Dynowska (1982) included 53 sp of 
Erysiphales collected on the Masurian Lakeland (N.E. of 
Poland) in their study. Most of them are common in our 
country. Eri)siphe lijthri on Lijthrum salicaria are seldom 
met. Some other powdery mildews were found on host plants, 
where they appear rarely or are found only in some regions of 
Poland. 
Perithecial formation in Leueillula is generally believed 
to be rather rare and the genus has mostly been reported in 
its conidial state all over the world. Studies by Paul a.nd 
Kapoor (1982), reveals that two host species were found with 
perithecia which were identified as of Leueillula taurica 
(Lev.) Arn. The specimens examined were Ph{;salis 
peruvianum L. Leg. and Senecio chri;santhemoides DC. Leg. 
In India, identity in Erx^siphe has mainly been based on 
Salmon's concept. According to Blumer E. pol}^goni is an 
aggregate comprising many individual species. E. polygoni as 
described from India was found to comprise 8 species viz., •£. 
berberidis, E. betae, E. heraclei, E. martii, E. pisi, E. 
pol^jgoni E. ranunculi and E. sahiae (Paul and Kapoor, 
1983). 
Powdery mildew caused by Microsphaera alphitoides 
Griff, and Mauble is one of the many powdery mildews of oak 
{Quercus incana Roxb.) which assumed epidemic form in 
Pauri Garhwal during Oct. 1981 . Srivastava and Kumari 
(1983) reports some observations on this species. The 
occurrence of M. alphitoides on oak has not been reported 
till then from India. 
Perithecial stage of two powdery mildew fungi has been 
described by Sharma (1986). One of these, Microsphaera 
himalai;ensis is a new species and causes a mixed infection 
alongwith Phyllactinia fraxini DC. on the leaves of Juglans 
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regia L. whereas Podosphaera clandestina [(Wallr.) Fr.] 
Lev. on Crataegus monog\^na Jacq. constitutes a new host 
record for India. P. clandestina causes a mixed infection 
alongwith Ph\;llactinia mespili on Hving leaves of Crataegus 
monogyna. 
Twenty species belonging to 5 genera {Er\^siphe, 
Sphaerotheca, Podosphaera, LeueilluJa and Uncinula) have 
been recorded in Libya by Khan (1987) on 74 host species. In 
addition, a few Oidium sp. have been recorded on various 
hosts. Er]^siphe sp. predominates. The most serious diseases 
affect grapevine, cereals, cucurbits and peas but other 
vegetables, legumes, fruits, ornamentals and weeds are also 
affected. 
Specimens of fungi causing powdery mildew on thirteen 
ornamental hosts belonging to eight different botanical 
families were collected by Nelly (1988) in the central region 
of Venezuela. Based on the microscopic examination of these 
collections, detailed descriptions and illustration of the 
observed fungi were given. The taxonomic affinity was 
established by using conidiophores and conidia characteristics 
with emphasis on type of germination as classification criteria 
of this group of fungi according to modern concepts. The 
pathogens were identified as:- Sphaerotheca fuliginea on 
Impatiens balsamina; Phi^llactinia sp on Crescencia cujete, 
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Tabebuia rosae and T. chr^santha; E. cichoracearum on 
Dahlia pinnata, Zinnia elegans and Helianthus annuus; 
Uncinula australiana on Acalipha wilkesiania and 
Lagerstroemia indica; Ouulariopsis. sp on Cassia siamea; 
Eri^siphe poli>goni on Cassia moschata; Sphaerotheca 
pannosa on Rosa sp and Microsphaera polonica on 
Hidrangea macrophylla. 
Bagyanarayana (1989) collected some new additions to 
the powdery mildews (Erysiphales) from Hyderabad in Andhra 
Pradesh, India. These were Microsphaera pseudolonicerae 
(Salrn.) Blumer on the living leaves of Cocculus hirsutus. 
Microsphaera trifolii (Grev.) U. Braun on the living leaves of 
Tephrosia purpurea; Sphaerotheca fusca (Fr.) Blumer on the 
living leaves of Phy^salis sp. and' Oidium indigoferae Yen. 
The species composition of powdery mildew fungi in the 
Lithuanian SSR was studied by Grigalyunaite (1989). New 
species of their host plants were recorded. Sphaerotheca 
fugas, S. fuliginea, S. fusca, S. macularis, S. pannosa, 
Sphaerotheca sp, Podosphaera leucotricha, Erysfp/ie 
biocellata, E. cichoracearum,E. communis; E. fischeri, E. 
gallopsidis, E. graminis, E. heraclei, E. pol\;goni, E. 
ranunculi, Microsphaera lonicerae, Oidium violae and 
Oidium sp. The species were found on 48 new species and 4 
varieties of decorative, vegetable, fodder and wild plants. 
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During the survey of powdery mildews at Aligarh and 
its adjoining areas, 6 species belonging to three genera were 
collected on 14 hosts by Perwez and Akram (1989). The 
following species of the Erysiphaceae were recorded on 
different hosts. E. cichoracearum DC. on Helipterum sp D C , 
Helianthus annuus L., Dahlia uariabiiis Desf., Zinnia 
elegans Facq. and Vernonia cinerea Less., E. martii Lev. on 
Lathi^rus odoratus L. and Melilotus alba Desf., 
Sphaerotheca fuliginea (Schlecht.) Poll, on Din)orphotheca 
sinuata D C , Oidiunn oxilidis McAlp. on Oxalis corniculata 
L , Oidium chrysanthemi Rabewh. on Chrysanthemum 
carinatum Schonsb., Oidium erysiphoides Fr. on Bellis 
perennis L. and Oidium sp on Brachycome iberidifolia 
Benth , Gamolepis tagetes DC. and Kriganelia reticulata 
Baill 
Oidium malachrae on Malachra capitata and Oidium 
rosacearum on young leaves of Rosa indica are both newly 
described by Hosagoudar (1990). The conidial state of 
Erysiphe glycines var. glycines is reported for the first time 
from India, on pea, and the other five Erysiphales are from 
hitherto unreported hosts. 
Hosagouder (1991) gave an account of 13 anamorph of 
powdery mildews. Oidium abutili, O. kydiae, O. moringae 
and O. passifloracearum are new species. O. abelmoschi, O. 
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azadirachtae, O. clitoriae, Sphaerotheca crotonis are 
described and illustrated in detail. O. bixae and O. cassiae-
hirsutae are reported for the first time from India. E. 
sikkimensis and Sphaerotheca balsaminae are reported for 
the first time from vS. India. The new name O. ramakrishnanii 
proposed based on O. phyllanthi and neotype is chosen. 
The paper by Hosagoudar et a/.(1992) gives an account 
of five species of powdery mildews collected from Coimbotgre 
and Nilgiris districts of Tamil Nadu. Of these, Oidium 
grewiicola, O. jatrophae, O. manihoticola and O. tribuli are 
new species which are described and illustrated. Uncinula 
religiosa T.S. Ramakrishnan has been illustrated and a 
detailed description provided. 
Five species of powdery mildews belonging to two 
genera were reported on 12 host plants at Aligarh and 
adjoining areas by Husain et al. (1992). These were •£. 
cichoracearum DC. on Hejianthus ar]r]uus L., Dahlia 
variabilis Desf.; and Zinnia elegans Facq. (Fam. Compositae). 
Sphaerotheca fuliginea on Solanum melongena L. (Fam. 
Solanaceae). Er\;siphe umbelliferarum de Bary on 
Foenicullum vulgare; Coriandrum sativum and Dacus carota 
(Fam. Umbelliferae). Er\^siphe cichoracearun) DC. on Malva 
s\;lvestris L. (Fam. Malvaceae). Er\^siphe pol\jgoni DC. on 
Cheriopodiun) ambrosoides L. (Fam. Chenopodiaceae). 
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Sphaerotheca euphorbiae (Cast) Salon. on Croton 
sparsiflorus (Fam. Euphorbiacea) and E.poli;goni DC. on 
Brassica rapa and Brassica campestris (Fam. Cruciferae). 
In Feb. 1992, conidia and mycelia of powdery mildew 
were observed on one year old plants of Eucal\^ptus 
cladocali^x F.J. Muell., E. uiminalis Labill., E. camaldulensis 
Dehnh., E. leucoxylon F.J. Muell. and £. poJyanthemos 
Schaver growing in a greenhouse in Arizona by Matheron and 
Matejka (1992). E. citriodora Hook., E. globulus Labill., and 
E. masculata Hook, plants of the same age in the same 
greenhouse showed no symptoms of the disease. Both sides of 
leaves of affected plants were covered with mycelia 
conidiophores. The ellipsoid conidia were in chains, did not 
contain fibrosin bodies and confirmed to those of Eri;siphe 
cichoracearum DC. At the time symptoms appeared, 
maximum and minimum temperatures in the greenhouse were 
32.5 and 16.3° C, respectively. This pathogen has been 
described on 11 sp. of Eucalyptus growing in greenhouses in 
California, but this is the first report of E. cichoracearum in 
the U.S.A. on the species of Eucali^ptus named here. 
A new list of South African Erysiphaceae, which includes 
nomencletural changes and newly recorded species and host 
plants, is presented with a few introductory remarks by Gorter 
(1993). 
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Powdery mildew of cucurbits caused by Sphaerotheca 
fuliginea (Schlecht.: Fr.)Poll. occurs annually on muskmelons, 
pumpkins and squash in Indiana. Most observations of S. 
fuliginea in the U.S.A. involve the conidial stage, and reports 
of the sexual stages are rare. Cleistothecia containing a single 
ascus with eight as cospores was observed by Latin (1993) on 
pumpkin leaves and petioles in two fields in mid- September 
1992. The fields were located in Central and North-Western 
Indiana and were heavily infested at the time cleistothecia 
were observed. Powdery mildew was detected initially in both 
fields approximately 6 week earlier, but no cleistothecia were 
observed at that time. This is the first published report of the 
sexual stage of S. fuliginea in Indiana. The presence of 
cleistothecia suggests that the pathogen may perennate on 
crop residue in midwestern states and that initial outbreaks 
each summer are caused by endemic strains of the pathogen. 
The existence of indigenous, genetically diverse populations 
of S. fuliginea may help explain regional differences in the 
efficacy of triadimefon (Bayleton) for control of powdery 
mildew. 
Powdery mildew of wasabi [Eutrema wasabi Maxim.j has 
been found to occur in a greenhouse in Toda city, Saitama 
Prefecture since 1990. The fungus was identified as an 
imperfect stage of Er\;siphe cruciferarum Opiz ex Junell 
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{Oidium sp.) on the basis of following observations, 
amphigenous, and thin mycelium covered the entire surface of 
infected leaves. According to Takashi et al. (1993) the 
formation of conidia was normally low, but occasionally 
abundant. Conidia were cylindric, measuring 32.0-51.6 x l 3 . 6 -
23.2 ).im without fibrosin bodies. Conidia were borne singly or 
straight on erect conidiophores with cylindric foot -cells. 
Lobed appressoria were formed on short germ- tubes at the 
end of conidia. No cleistothecium was observed. The mildew 
was pathogenic also on other species of Brassicaceae. 
During a survey of nursery and garden plants in 
Coimbatore, India by Udaiyan and Hosagoudar (1993), 
Ocimum ocimi was found on Ocimum tenuiflorum and 
Oidium parksonite on Parkinsonia aculeata. Both fungi are 
described, with O. parksonite described as a new species. 
In fall 1993, powdery mildew was reported 
simultaneously on greenhouse tomatoes {Lycopersicon 
esculentum Mill.) by Belanger and Jarvis (1994) in three 
seperate locations in the province of Quebec, Canada. The 
pathogen was observed on cvs. Capello and Trust from the 
areas of Montreal, Quebec city and Lac St- Jean, each 
geographically separated by at least 250 km (150 miles). 
White powdery mildew pustules developed on the upper 
surface of the leaf and were mere frequent on mature than on 
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young leaves. Individual lesions were somewhat circular but 
sometimes merged to cover large areas of the leaf surface-
Cleistothecia were absent. Development of the disease was 
confined to certain areas within each greenhouse but was 
extensive enough to have warranted chemical control had any 
been registered. Artificial inoculations on healthy tomato 
plants produced typical signs of the disease. On the basis of 
conidial characters, the fungus was identified as Eri;siphe sp, 
either E. orontii Cast, or E. cichoracearum DC. It clearly 
differed from Leueillula taurica, another common powdery 
mildew on tomato prevalent in warmer countries. This is the 
first report of Eriisiphe on mature tomato plants in North 
America. 
Powdery mildew was observed on potato {Solanum 
tuberosum L.)'Achat' plants growing in seed potato 
production greenhouses in Brasilia, Federal District, Brazil by 
Boiteux (1994). Symptoms were characterized by an extensive 
growth of white, external (superficial) mycelium produci'ng 
colonies on both abaxial and adaxia) leaflet surfaces. Bright 
yellow spots were observed on the opposite sides of each 
colony. Conidiophores formed cylindrical -ovoid conidia in 
long, terminal chains. Well developed fibrosin bodies were not 
observed in the conidiophores and conidia. On the basis of 
morphological characteristics of the conidial stage, the fungus 
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was identified as Eri^siphe cichoracearum DC. ex Merat. 
The perithecial (perfect) state was not observed. All three 
monosporic isolates of E. cichoracearum obtained from 
potato were pathogenic to tomato {Li>copersicon esculentum 
Mill.) 'Rutgers' but not to squash {Cucurbita pepo L. var. 
melopepo (L.) Alef.) 'Caserta ' or melon [Cucumls melo L.) 
'Amarelo Valenciano', two earlier reported hosts of this 
fungus. These data are suggestive of physiological 
specialization of £. cichoracearum in our area. This is the 
first report of E. cichoracearum causing potato powdery 
mildew in Brazil. 
In 1993, commercial parsley {Petroselinum crispum 
(Mill.) Nym. ex A.W. Hill) grown in both San Joaquin a^ nd 
Salinas Valleys exhibited symptoms and signs of a foliar 
disease. Symptoms consisted of chlorosis and crinkling of 
leaves. The characteristic white fungal growth typical of a 
powdery mildew was present on all infected leaves. Mycelium 
was amphigenous and in patches. Conidiophores were 
straight, foot cells were cylindrical, followed by a longer cell 
and one or two shorter cells. Appressoria were lobed. Conidia 
were produced singly and were 34-44 x 13-16 ).im. Fibrosin 
bodies were not observed. Germ tubes were located at the 
ends of the conidia and formed clavate appressoria. The 
fungus was identified as Er\;siphe heraclei DC. by Koike and 
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Saenz (1994). Cleistothecia were not present. 
Pathogenicity was established by gently pressing diseased 
leaves of the San Joaquin valley sample against adaxial sides 
of leaves of two month old parsley plants. Twenty plants of 
both plain leaf (cv. Italian Plain) and curled (cv. Extra Curly) 
cultivars were inoculated. Inoculated plants were incubated in 
a moist chamber for 48 hrs and than maintained in a 
greenhouse. After 4 weeks, powdery mildew developed on 
both cultivars and symptoms were identical to those of 
diseased plants collected from commercial fields. For cv. 
Italian Plain, 12 of 20 plants became infected. This is the 
first report of powdery mildew on parsley in California. While 
the source of inoculum is unknown, E. heraclei is observed on 
another host, carrot {Dacus carota L.), which is grown 
extensively in the same area of the Salinas valley as parsley. 
Microsphaera flacourtiae sp. nov., Uncinifla 
peristrophes sp. nov. and Pleochaeta indica sp. nov., 
collected on Flacourtia sepiaria, Peristrophe bical\^culata 
and CeJtis caucasia, respectively, from Northern India, are 
described and illustrated by Ahmad et al. (1995). 
A systematic study of the powdery mildews (Erysiphales) 
of Andhra Pradesh is made by Bagyanarayana et al. (1996). 
Nine species belonging to the genus Oidium Link., two 
species of Eri;siphe Hedw. f.ex D C , Phi^Uactinia Lev., a-nd 
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one species each of Microsphaera Lev., Sphaerotheca 
Lev., and Uncinula Lev. are recorded in this paper, Oidium 
abrusii and O. eri^thrinii are described as new taxa. 
Microsphaera trifolii is being reported for the first time 
from India. Eri;siphe cruciferarum, E. galeopsidis, Oidium 
cassiae-siameas, O. ipomoeae and Phx^llactinia 
thirumalacharii are new records to South India. O. 
azadirachtae, O. carneum, O. clitoriae, O. ocimi and 
Uncinula tectonae are new records for Andhra Pradesh. 
Jatropha goss[^pifoUa forms an additional host record for 
Sphaerotheca euphorbiae- hirtae. Phi)Uactinia guttata is 
being reported on Cassia fistula which becomes a new host 
record from India for this pathogen. 
Broccoli raab {Brassica rapa subsp. rapa), also known 
as rappini, is a leafy vegetable that is widely grown in Europe 
and has in recent years become an important crop in coastal 
California. During summer months in the Salinas valley 
(Monterey County) in California, powdery mildew was 
observed on commercial field and greenhouse grown plants. 
White ectophytic mycelial and conidial growth was present on 
leaves, causing chlorosis, and also developed on stems. 
Mycelia was amphigenous in patches, often spreading to 
become effused. Appressoria were lobed and conidiophores 
were straight. Foot cells were cylindrical, measured 18-26 x 
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7-10 ),im, and were followed by one or two cells of 
variable length. Conidia were produced singly, were 
cylindrical, and measured 35-50 x 12-21 i^ im with a length to 
width ratio greater than 2. No fibrosin bodies were observed 
in the conidia and they germinated at the ends. Cleistothecia 
were not observed. The fungus was identified as Eri>siphe 
cruciferarum Opiz ex Junell by Koike and Saenz (199*7). 
Pathogenecity was demonstrated by gently pressing infected 
leaves having abundant sporulation onto leaves of potted 
brocolli raab (cv. Spring Raab), incubating the plants in a 
moist chamber for 48 hr, and then maintaining plants in a 
greenhouse. After 10-13 days, powdery mildew colonies 
developed on the test plants. Uninoculated control plants did 
not develop powdery mildew. With the same inoculation 
procedure, potted broccoli {Brassica oleracea subsp. botrytis 
cv. Greenbelt) also become infected by the broccoli raab 
isolates. This is the first report characterizing this pathogen 
on broccoli raab in the state. Disease incidence and severity 
in field planted crops were low, but green house grown plants 
became severely infected. 
Podosphaera clandestina var. c^^donia var. nov., 
Setoeri^siphe kashmiriensis sp. nov. and Brasiliomyces 
kumaonensis sp. nov., collected from Northern India on 
Cydonia obJonga, Sambuccus wigh'tiana and Quercus sp., 
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respectively, are described and illustrated by Ahmad et al. 
(1998). 
In Nov. 1997 powdery mildew of cyclamen {C\;clamen 
persicum) was found in Nagano prefecture, Japan by 
Hagiwara et al. (1998). White, powdery mycelial colonies 
appeared on petals. Artificial inoculation with the fungus was 
successful on cyclamen petals, but not on primula or begonia 
plants. Conidia were cylindric to doliform, 31-51 x l 4 - 2 0 |.im, 
formed singly on conidiophores erected on aerial mycelium. 
Base of the conidiophores were almost straight but sometimes 
slightly curved. Lobed appressoria differentiated on germtubes 
from conidia. No cleistothecium was observed. On the basis 
of the conidial stage, the fungus was identified as an Oidium 
sp of the E. poli^goni type. 
Hagiwara et al. (1998) also described the powdery 
mildew of perennial statice {Limonium sp) in Mie and Oita 
prefecture, Japan during autumn 1997. Many white, powdery 
mycelial colonies appeared on leaves, stems and branches of 
the plants. The fungus successfully caused disease on 
perennial statice after artificial inoculation, but not on 
Limonium sinnuatum. Conidia were cylindrical, (29-) 36-54 
(-62) X 14 - 20|.im in size, formed singly on conidiophores 
straightly erected on the aerial mycelium. Lobed appressoria 
differentiated on the germtubes from conidia. No cleistothecia 
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were observed. On the basis of morphological characters 
of the conidial stage, the fungus was found to be an Oidium 
sp of the £. poli^goni type. 
A powdery mildew infection of Arabidopsis thaliana was 
found in the greenhouse of the Department of Molecular 
Biology at Massachusetts General Hospital (MGH isolate) by 
Platnikova et a/.(1998). They studied the structure of the 
anamorph, the sequence and chronology of its development 
and its virulence on A. thaliana and other hosts. The 
teleomorph of the fungus was not found on the material 
examined. The MGH isolate caused severe powdery mildew 
symptoms on some A. thaliana accessions, infecting rosette 
and cauline leaves, stems and siliquas, but was practically a 
virulent on others. Previously, two. Erysiphales have been 
reported to infect A. thaliana. These were identified as E. 
cichoracearum (UCSC isolate) and E. cruciferarum (UEA 
isolate). The MGH isolate was found to be a member of the E. 
cichoracearum group in the section Golouinomyces. It can be 
distinguished from both of these previously described powdery 
mildew of A. thaliana based on the morphology, host range 
and virulence. It might be best referred to E. orontii following 
the system proposed by Braun. 
The anamorph of a powdery mildew on Akebia quinata 
(Lardizabalaceae) was found for the first time in Europe. In 
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most features, the fungus matches Microsphaera akebiae 
Sawada, native to Asia. However, observations on conidial 
germination differ from those described. Akebia quinata 
(Thunb.) Decaisne (Lardizabalaceae, Dicotyledonae) is native 
to China and Japan. Introduced in Europe in 1845 it is not 
very common climbing ornamental plant in gardens. (Scholler 
and Gams, 1998). 
, The powdery mildew fungus, E. ci;noglossi (Wallr.) 'E. 
Braun, is a commonly occurring pathogen of houndstongue 
{C\;noglossum officinale L.) and may have a role in the 
biocontrol program being developed in N. America for this 
introduced rangeland weed. The experiments conducted by De 
Clerck-Floate (1999) showed a negative correlation between 
the percentage of the plant area infected by powdery mildew 
and the seed set. Diseased vegetative plants in the garden 
experiment were smaller in size by the season's end in 1994 
compared to control plants. Powdery mildew reduced 
percentage seed set by about 20% in both 1994 and 1995. 
There also were significant reductions in nutlet number, 
nutlet size and percentage germination of seed for infected 
versus control plants in 1995. 
Patil and Mahamulkar (1999) presented 9 taxa (7 sp and 
2 var) of the powdery mildew fungi belonging to 5 genera. 
These were viz., Ci;stotheca indica sp. nov. on 
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Caloiphi;llum apetalum Willd., C. uignae sp. nov. on 
Vigna khandalensis (Sant.) Ragh. and Wath., £. 
cichoracearum DC. ex Merat on Tricholepis radicans. D C , 
£. cichoracearum DC. ex Merat var. luuungae sp. nov. on 
Luvunga sp., E. communis DC. on Butea monosperma 
(Lam.) Taub., Ph\)llactinia acaciae Blumer on Acacia 
farnesiana Willd., P. dalbergiae Pirozynski on Dalbergia 
latifolia Roxb., D. obtusa Roxb. and D. rubiginosa Roxb., 
Pleochaeta shiraiana Kimbro and Korf on Celtis 
cinnamomea Lindl. and Ur]cir}ula aspera Diodge var. aspera 
U. Braun on Ficus religiona L. Out of these 9 taxa, 2 sp and 
1 var are new and remaining species are either new to the 
states (M.S. and M.P.) or hitherto recorded on unreported 
host plants. 
Powdery mildew on cucurbits 
Results of relative susceptibility of 17 cultivated and 10 
wild cucurbits besides other plant species tested against 5 
isolates of Sphaerotheca fuliginea are reported by Akram et al. 
(197,5). Host response has been categorized as under:- Resistant 
(R)= mildew failed to develop and susceptible (S) = mildew 
appears. Out of 17 cultivated cucurbits; Beniricasa hispida, 
Citrullus vulgaris, C. vulgaris var. fistulosus, Cucumis melo, 
C. melo var. momordica, C. melo var. utilissimus, C. sativus, 
Cucurbita moschata, C. pepo, Lageriaria leucantha, Luffa 
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acutangula, L. ci;lindrica and Momordica charantia were 
susceptible against all isolates of S. fuliginea. Only C. maxima, 
M. diocia, T. anguina and T. dioica were resistant. M. 
charantia and T. anguina were susceptible to Mm isolate and 
not to Lli, Cmi,Cm2 and Lci isolates. Species of cucurbits 
susceptible in glass house also remained susceptible in the field. 
Out of 10 wild cucurbits tested, M. maderaspatana, Br^^onopsis 
laociniosa, Cucumis anguria, C. melo var. agrestis, Cucurbita 
ficifolia and Luffa graueolans were susceptible whereas 
Lufja echinata, CitruUus lanatus, Coccinia cordifoUa and 
Trichosanthes cucumerina were resistant against all the 5 
isolates both in glass-house as well as in the field. Moreover, S. 
fuliginea has been found to infect B. hispida, C. vulgaris, C. 
vulgaris var. fistulosus, C. melo, C. melo var. momordica, C. 
melo var. utilissimus, C. sativus, L. acutangula and L. 
c\^lindrica; M. maderaspatana, B. laciniosa, C. anguria, C. 
melo var. agrestis, C. ficifolia and L. graveolans amongst the 
cultivated and wild cucurbits, respectively, which have hitherto 
not been reported as the hosts of this fungus and thus are the 
new records. 
Khan et al. (1976) used 12 commercial varieties of 
Cucumis sativus L ,7 of Lagenaria leucantha (Duch) Rusby, 25 
of Citrullus vulgaris Schrad., 18 of Cucumis melo L , and 11 
of C. melo var. utilissimus. Fungal conidia were taken from 
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Luffa acutangula (L.) Roxb., Melothria maderaspatana (L.) 
Cogn., Cucurbita moschata Poiret., and L. leucantha and later 
raised on L. leucantha var. ribbed long green respectively 
numbered as Ai,A2, Ki and K2. The reaction of plants were 
grouped into the following categories:- (A) Highly susceptible = 
entire leaf covered with fluffy mycelium and conidia; (B) 
moderately susceptible = mycelium development sparse; (C) 
slightly susceptible = mycelium development scanty and 
localized, (D) Resistant = mycelium development not visible 
macroscopically. Sphaerotheca fuliginea (Schlecht.) Poll, 
appears the main causal organism of the powdery mildew of L. 
leucantha, C. satiuus, C. melo, C. melo var. utilissimus and 
C. vulgaris. All the varieties of C. satiuus and L. leucantha 
tested were highly susceptible.Many varieties of C. vulgaris and 
a few of C. melo var. utilissimus were resistant. The study 
indicates that there existed difference in pathogenecity among 
the isolates of S. fuliginea obtained from different hosts. The 
differences were clear on C. melo var. utilissimus. Perithecia 
failed to develop on several varieties of C. vulgaris, C. melo 
and C. melo var. utillisimus with moderate infection, whereas, 
on many varieties of L. leucantha and C. sativus their 
production always followed the infection. 
Studies by Khan (1976) deals with the incidence and 
intensity of the powdery mildew disease and identity of the 
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causal organism in Bihar surveyed during Nov. 1971-March 
1973. Four intensity classes were formed as follows: Heavy (76-
100%) = + + + ; Moderate (26-75%) = + + ; Mild (1-25%) = +; 
Disease free (No infection) = _ .Infected plant parts were 
examined for perithecia. Inocula from Coccinia cordifolia were 
maintained on C. cordifolia and those from other cucurbits on 
Lagenaria leucantha var. ribbed long green for further studies. 
Conidial germination test and inoculation trials were made to 
establish the identity of the pathogens. The incidence of the 
powdery mildew was low during the survey period. Most 
cucurbits were disease free. Out of 14 cucurbits, only 5 were 
affected. Most severely affected were -.Lagenaria leucantha 
followed by Cucurbita moschata. Cucumis melo, C. melo var. 
utilissimus and Coccinia cordifolia were also infected. 
Cucumis melo var. momordica, Cucumis satiuus, Citrullus 
vulgaris, Trichosanthes anguina, T. dioica, Momordica 
charantia, M. dioica, Luffa c\;lindrica and Benincasa hispida 
were free from disease wherever encountered. Perithecia were 
obtained only on C. cordifolia and L. leucantha. Morphological 
characters of perithecia from C. cordifolia were identical to 
those of E. cichoracearum and those from L. leucantha to-S. 
fuliginea. In germination tests, conidia from different cucurbits 
collected from different localities except from C, cordifolia 
exhibited characteristics of S.fuliginea where as conidia from 
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C.cordifolia showed the characters of E. cichoracearum. 
When 15 cucurbits namely Lagenaria leucantha , Cucurbita 
moschata ,Cucumis melo var. utilissimus , C. melo var. 
momordica, C. sativus , Citrullus uulgris, Trichosanthes 
anguina, T. dioica , Momordica charantia, M. dioica, 
Benincasa hispida, Luffa c\^lindrica, L.acutangula and C. 
cordifoUa were inoculated with conidia from L. leucantha on 
which perithecia were observed in nature , all of them except 
B, h.ispida and C. cordifolia became infected. Perithecia of S. 
fuliginea also developed on L. leucantha. When these cucurbits 
were inoculated with conidia from C. cordifolia on which 
perithecia of E.cichoracearum were present in nature infection 
occurred only on C. cordifolia and B. hispida. Perithecia of 
E.cichoracearum also developed on C.cordifolia. The 
occurrence of perithecia of S. fuliginea and E.cichoracearum in 
nature and their production in artificial inoculations 
demonstrate the existence of both organisms on cucurbits in 
the state. S. fuliginea is widely distributed and infects most of 
the cucurbits where as E.cichoracearum is confined to C. 
cordifolia and B.hispida. 
In this communication by Akram and Khan (1977) attempts 
have been made to locate source of resistance for the cucurbits 
hitherto not tested, viz., C. sativus L., C. maxima Duch., ex. 
Lam., C. moschata Poiret, C. pepo L., L.acutangula. (L.) 
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Roxb., L. c\;lindrica L., M. charantia L., and 7. anguina L. 
covering almost all the cultivated cucurbits. Attempts have been 
made to ascertain whether S. fuliginea attacking different 
cultivated cucurbits in North India vary in their pathogenicity. 
13 varieties of C. satiuus, 2 of C. maxima, 8 of C. moschata, 2 
of C. pepo, 4 of L. acutangula, 5 of L. cyJindrica, 11 of M. 
charantia and 11 of T. anguina were screened. Inoculations 
were done with conidia obtained from L. ci;lindrica, Mukia 
maderaspatana Roem, Lagenaria leucantha fDuch.j Rusby, C. 
moschata and C. moschata from Kashmir and Ranikhet 
respectively, These inocula were designated as Lci, Mmi, Lli, 
C m / and Cm2 respectively. There had been little difference in 
the pathogenecity of the 5 isolates used. Production of 
perithecia of S. fuliginea on certain varieties and not on others 
by all the isolates especially when they were grown under 
identical conditions indicate that host differences play an 
important role in the production of perithecia. These facts 
clearly demonstrate the existence of a single race of this 
pathogen in N. India. The study also provide evidence that 
varieties of C. maxima and M. charantia can be used as 'lines 
for resistance' against the attack of this fungus. 
Akram and Khan (1978) made an attempt to search for 
resistance in Benincasa hispida, Citrullus vulgaris var. 
fistulosus, Cucumis melo, C. meJo var. momordica, C. melo 
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var. utilissimus and Lagenaria leucantha. Attempts have 
also been made to ascertain whether Sphaerotheca fuliginea 
attacking different cultivated cucurbits in N. India vary in their 
pathogenicity. Five varieties of B. hispida, 5 of C. vulgaris 
var. fistulosus, 21 of C. melo, 4 of C. melo var. momordica, 6 
of C. melo var. utilissimus and 8 of L. leucantha were 
screened. The numerical rating for disease intensity used wer'e:-
highly resistant = plants completely free from infection = 0; 
resistant = mycelium developing in small patches disappearing 
later or at best covering 1-25% leaf area = 1; moderately 
resistant = mycelium developing both on leaves and stem 
covering 25-50% leaf area = 2; susceptible = many small 
colonies appearing, later coalescing and covering 65-75% leaf 
area, mycelium developing on stem as well = 3; and highly 
susceptible = entire plant covered by mildew uniformly = 4. 'In 
majority of cases the host response in glasshouse and in the 
field has been the same. However, in case of C. vulgaris var. 
fistulosus the varieties have been susceptible in glasshouse but 
resistant in the field. On several varieties of C. vulgaris var. 
fistulosus and C. melo var. utilissimus infection was moderate 
yet perithecia failed to develop, whereas on several varieties of 
the remaining hosts the production of perfect stage is a regular 
feature. The existence of physiological races of S. fuliginea' in 
N. India can be ruled out because host response of different 
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varieties has been the same, i.e., no differences in 
pathogenecity have been shown on the cultivars tested so far. 
Pathological specialization in Sphaerotheca fuJiginea 
causing powdery mildew of cucurbits has been established by 
Kaur and Jhooty (1985). Three distinct pathological forms on 
the basis of differential reaction of cucurbitaceous hosts has 
been established during this study. Studies were conducted on 6 
isolates of S. fuliginea from different cucurbits in Punjab. The 
disease severity was measured on 0-4 scale as 0 = mycelium not 
visible macroscopically; l = only 1-2 small colonies, mycelium 
scanty and localized; 2 = few small colonies, mycelium sparse 
and sporulation suppressed; 3 = many small colonies, coalescing 
later on, abundant sporulation; and 4 =abundant mycelium, 
sporulation vigorous, entire leaf covered by mildew. During the 
survey, out of 12 cultivated cucurbits, only 6 were infected by S. 
fuliginea. Severe infection was observed on leaves of C. melo, 
C. melo var. utilissimus, C. pepo, L. siceraria and C.lanatus . 
L.cylindrica was completely free during May-July.During 
winter(Nov.-Jan.) severe infection was observed on leaves and 
fruits of L. ci^lindrica and L. siceraria. The cross inoculation 
tests between isolates of C. melo, L. ci^lindrica and C. lar)atus 
were not successful confirming the presence of 3 pathological 
forms. The germination of conidia and appressoria formation 
was almost the same on resistant and susceptible hosts. In case 
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of resistant host leaves, there was no growth of secondary 
and tertiary hyphae after the formation of appressoria whereas 
in susceptible hosts formation of secondary and tertiary 
hyphae gave rise to profusely sporulating colonies. The findings 
indicate the presence of three distinct pathological forms of S. 
fuliginea designated as form 1 on L. c\;lindrica, form 2 on C. 
lanatus and form 3 on C. melo, C. melo var. utilissimus, C. 
pepo and L. siceraria. 
A study by Kaur and Jhooty (1986) reports the virulence 
pattern of isolates of S. fuliginea on differential cultivars of 
muskmelon {Cucumis melo L.) in Punjab. Race 1 does not 
infect any of the cultivars, i.e., PMR-45, PMR-5, PMR-6 and 
Edisto whereas Race 2 infects only PMR-45 and Edisto 47. Race 
3 infects PMR-45, PMR-5 and PMR-6 and does not infect 
Edisto. On this basis it was found that PMR-45, PMR-5 and 
PMR-6 were susceptible whereas Edisto-47 was resistant to the 
present isolate of S. fuliginea. Therefore it can be concluded 
that the present isolate of S. fuliginea on C. melo in Punjab, 
India is race 3. 
The distribution of silicon in the leaf epidermis of 
cucumber {Cucumis satiuus L.) grown in hydroponic nutrient 
solutions supplemented with soluble silicates was examined 
using SEM and energy dispersive X-ray analysis by Samuels et 
al. (1991). Silicon was found primarily in cells sorrounding the 
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bases of the trichome hairs. During infection by S. fuliginea 
(Schlecht.: Fr.) Poll., areas of host cell wall adjacent to the 
germinating hyphae showed altered surface morphology and 
high concentration of silicon. Measurements of total hyphal 
length per colony showed the fungal colonies grown on silicate 
treated plants were significantly smaller than fungal colonies 
grown on control plants. In the early stages of infection, the 
presence of high silicon sorrounding colonies was correlated 
with lower fungal growth. 
Mechanism and process of infection of Cucurbita 
moschata by ascospores of Sphaerotheca fuliginea were studied 
using whole mount and sections by Kabitarani and Bhagirath 
(1993). Infection of C. moschata with ascospore of S.fuliginea 
consists of ascospore germination, penetration of host cells by 
these vegetative hyphae. Penetration of host cells by ascosporal 
germ tube is entirely mechanical which results into dislocation 
and inward invagination of epidermal cell. Epidermal cells that 
are in contact with the tip of germ tube considerably increase in 
size. The affected host cells do not form papilla. The infection 
peg does not form haustorium but forms a number of hypha like 
branches that extend to neighbouring epidermal cells and formed 
primary hyphae. From the primary hyphae anamorph developed. 
Five conidial isolates of Sphaerotheca fuliginea from 
Cucurbita moschata were mated on detached whole leaf 
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cultures by Kabitarani (1993). Cjeistothecia formed in 8 
compatible matings at the meeting point of the two cultures. 
Cleistothecia never developed in single cultures. Single conidial 
isolates from Luffa cplindrica, Cucurbita pepo, C. moschata, 
Lagenaria siceraria, L. siceraria var. clauata and Sechium 
edule were cross-inoculated to either host. Isolate from L. 
c\^lindrica was virulent to C. moschata, C. pepo and its own 
host. Isolates from other host species infected each host species 
except L. ci^lindrica. It is concluded that S. fuliginea is 
heterothallic and it occurs in two pathological races in Manipur. 
Significance of these conclusions in breedings resistant variety is 
discussed. 
Analysis of a large number of isolates of Sphaerotheca 
fuliginea by Khan and Sharma (1993) collected from different 
cucurbits showed occurrence of three races in most of the agro 
ecological zones of India. Race 3 was most widespread and 
infected most of the cultivated cucurbits in the states. Race 2 
was restricted to green melon, Citrullus vulgaris var. fistulosus 
and race 1 to spongegourd, Luffa cylindrica. In addition, race 1 
infected a few other cucurbits. L. c\^lindrica, C. vulgaris var. 
fistulosus and Cucumis sativus are proposed as differential 
hosts for identification of the three races of S. fuliginea isolated 
from cucurbits. 
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Powdery mildew on grapes 
Powdery mildew [Uncinula necator) caused considerable 
losses to grapevines in Maharashtra. Extent of losses is subject 
to prevailing weather conditions. The disease appears during 
Sep.-Oct. under humid conditions. During the years 1975-76 
powdery mildew appeared in a serious form at Aurangabad. 
Datar et al. (1979) screened different varieties and lines of 
grape for their reaction to this disease, in order to select 
resistant or tolerant ones. The following grading was followed. 
H.S.-(Highly susceptible) showing numerous spots / lesions on 
leaves almost covered with whitish powdery or mealy growth. S-
(Susceptible) with spots/lesions scattered on the entire leaf area. 
M.S.- (Moderately susceptible) with only a few spots/lesions on 
the leaves. Scanty mildew growth and R-(Resistant) vines and 
leaves free of spots/lesions. Out of 57 varieties or lines assessed 
only 4 namely Berlanderi x Riperia, Flame muscat, Large white 
and Malaga proved to be resistant. 
Powdery mildew on roses 
Powdery mildew incited by Sphaerotheca pannosa (Wallr.) 
Lev. is one of the most serious disease of roses. 210 roses of 
different types were screened by Datar et al. (1984) under 
artificial conditions for reaction to this disease during 1978-80. 
The plants were graded in 0-4 scale and percent disease index 
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for each variety was calculated. Out of 210 varieties 
evaluated 35.7% were rated as resistant, 12.3% moderately 
resistant, 40.4% susceptible and 11.4% highly susceptible to 
powdery mildew. Out of 165 Hybrid Teas screened, 56 were 
resistant (0-15% disease index), 16 were moderately resistant 
(16-25% disease index), 74 were susceptible (26-60% disease 
index) and 19 were highly susceptible (61 and above disease 
index). Out of 32 floribunda roses screened 11 were resistant, 6 
moderately resistant, 10 susceptible and 5 highly susceptible. 
Out of 13 miniature roses, 8 were resistant, 4 moderately 
resistant and only one susceptible. Generally the level of 
resistant to powdery mildew was high among different classes. 
Most of the susceptible varieties belonged to the hybrid Tea and 
floribund classes. The miniatures exhibited a high degree of 
resistance. 
Xu (1999) studied the effect of temperature on the length 
of the incubation period of rose powdery mildew caused by 
Sphaerotheca pannosa var. rosae. At constant temperature over 
the range 8-28 °C, the length of the incubation period ranged 
from 3-10 days; no visible colonies developed at 30 °C after 19 
days. The relationship between temperature and the rate of 
development of mildew colonies within the incubation period 
under constant temperature was described by two alternative 
non-linear models (exponential and thermodynamic). The 
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resulting curves were asymmetrically bell-shaped with an 
optimum temperature of 23 °C. The two constant temperature 
models predicted the development of powdery mildew under 
fluctuating temperature with similar accuracy, even though the 
exponential model fitted the constant temperature data less well 
than the thermodynamic model. The thermodynamic mode! 
failed to fit the fluctuating temperature data directly, whereas 
the exponential model fitted those data directly and the fit was 
similar to the corresponding model from the constant 
temperature data. Fitting the models to the combined (constant 
and fluctuating temperature) data gave results that were nearly 
identical to those based on the constant temperature data alone. 
Powdery mildew on legumes 
Powdery mildew (£. poli;goni DC.) is one of the major 
diseases of urid {Phaseolus mungo L.) causing severe 
defoliation. Two test types (No. 1792 and Warangal) were tested 
by Vidhyasekaran and Arjunan (1976) to test whether they 
showed resistance even under high disease pressure. The disease 
intensity was assessed by grading 25 leaves at random into 5 
categories, viz., 'O' indicating no infection and '4 ' indicating the 
mildew growth covering the whole leaf lamina area. Test type 
Co.2 was used as susceptible check. No. 1792 showed slight 
incidence of the disease in one season in the field and 
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greenhouse. But the type, Warangal was highly resistant to 
the disease. 
Kaur and Deshpande (1980) assessed the effect of E. 
poJi^goni DC. on the photosynthetic mechanism of cowpea 
{Vigna sinensis L.) plants. Rate of net photosynthesis of 
infected cowpea leaves was slightly higher than that of the 
control after 4 days of inoculation but became lower after words. 
White patches of powdery mildew fungus will obstruct sun rays 
and consequently lead to decreased photosynthesis in the 
infected leaves. Chlorophylls decreased in infected leaves and 
chlorophyllase activity was also significantly higher in infected 
leaves in later stages of disease development. Hill reaction 
progressively declined in the infected leaves. 
Bhardwaj and Singh (1984) carried out cross inoculation 
tests with Erysiphe pisi from peas, to determine its host range 
on some leguminous hosts in Kangra valley of Himachal 
Pradesh. Field grown plants of Cajanus cajan (cv. HPA-92); 
Cicer arietinum (cv. C-235)\Crotolaria juncea (cv. 
local);Lathyrus odoratus (cv. local); L. satiuus (cv.Hans);Pisum 
aruense(cv.HPP-6); P.sativum fcvs.HPP-land Arkal) Trigonella 
foenimum-graecum (cv.local); Vigna mungo (cv.Kulu-4) 
V.radiata (cv. Pusa Baisakhij; I/, umbellata (cv.local) and 
naturally growing plants of Lathyrus aphaca and Medicago 
pol{;morpha were kept under observation for the appearance of 
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powdery mildews. Under natural conditions Oidium state of 
powdery mildew on Crotolaria juncea; Lathyrus aphaca; 
L.odoratus; L.satiuus; Lens esculentus; Lespedeza sp; 
Medicago pol]^morpha; Pisum aruense; P. sativum ; Trigonello 
foenum-graecum ; Vigna mungo. V. radiata and V. umbellata 
resembled E. pisi. Studies on pathogenecity of powdery mildew 
strains from peas on commonly occurring legumes in Kangra 
valley revealed that it has a wide host range. Out of 26 hosts 
cultivars, 19 were found susceptible. Out of these, heavily 
sporulating colonies with thick mycelial mat were found on 
Cajanus cajan (cv.HPA-92); Cicer arietinum (cv.C-235); 
Clitoria biflora;Crotolaria juncea (cv. local). Lath\;rus aphaca 
(cv. wild); L. odoratus (cv. local); L. satiuus (cv. local); Lens 
esculentus (cv. HPL-5J; MacroptiJiun] atropurpureum (cv. 
Siratro); Medicago poI{;morpha (wild); Pisum aruense (cv. 
HPP-6); P. sativum (cv. HPP-1); Trigonella foenum-graecum 
(cv. local); Vicia sativa (wild), Vigna mungo (cv. kulu-4) and V. 
umbellata (EC 878900) whereas colonies were sparsely 
sporulating on Sesbania aculeata, Sesbania aegi^ptica, Vigna 
umbellata (cv. HUP-51), Dolichos lablab, Gl{;cine clearence, 
G. cooper, G. tunaro, Phaseolus vulgaris (cv. Hans), Trifolium 
alexandrium and Vigna unguiculata did not show the presence 
of any visible colonies. 
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E. poli)goni causes powdery mildew on legumes. 
Kaushal and Singh (1993) planned to know the pathogenic 
variation in the isolates from the legumes. Isolates of £. 
pol\;goni from V. mungo (Kulu 4) and V. radiata (Shinging 
Mung No.-l) were maintained on seedling leaves of susceptible 
cultivars of their respective hosts. The inoculum of isolates of E. 
pol{;goni from urdbean and adzukibean (V. angularis) was 
maintained on the leaves of seedlings of urdbean (Kulu 4) and 
adzukibean (HPV51). Incubation temperatures for different 
pathogens ranged between 16-30 °C and R.H. was maintained 
at almost 100% level. Only one line PI 15 was resistant to E. 
po!\;goni from urdbean and mungbean whereas isolate of E. 
poli^goni from adzukibean (E3) was virulent on PI 15. Both 
adzukibean lines were resistant to £. poJi;goni isolates from 
urdbean and mungbean. However, HPV 51 was susceptible to 
isolate E3 whereas EC15226 was resistant. The results from 
cross-inoculation of pathogens from related Vigna sp indicate 
considerable host specificity in some of them. Isolates of .£. 
poli^goni from adzukibean were avirulent on urdbean lines. 
Powdery mildew on teak 
An attempt has been made by Karadge et al. (1980) to study the 
qualitative changes in the phenolic compounds induced by the 
fungal infection of Uncinula tectonae on teak {Tectona 
grandis). The analysis was made from (a) healthy and (b) 
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infected leaves from which superficial fungal mycelium was 
removed. It is found that the total polyphenol content is 
increased only slightly from 0.79-0.81 g/lOOg fresh tissue, due 
to infection. The qualitative analysis of polyphenolic compounds 
in teak leaves revealed that the pathogen has brought about 
considerable changes in the phenol metabolism. The change in 
phenolic constituents is noticed not only in number but also in 
the concentration of some of the compounds. 
Powdery mildew on solanaceous crops 
Datar (1976) observed heavy infection of Leueillula 
taurica (Lev.) Arn. on brinjal plants [Solanum melongena L.) 
during October, 1975. Twenty-six varieties were screened for 
their reaction to powdery mildew in field. They were graded'as 
follows: Immune- No powdery growth on leaves; Resistant- upto 
5% leaf area affected; Moderately resistant -6-10% leaf area 
affected; Moderately susceptible-11-20% leaf area affected; 
susceptible-21-40% leaf area affected and highly susceptible-41 
and above percent leaf area affected. None of the varieties 
tested either behaved as immune or resistant. Eleven varieties 
were moderately resistant, 7 varieties were moderately 
susceptible, 6 proved to be susceptible and 2 varieties behaVed 
as highly susceptible to powdery mildew. 
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LaMondia et al. (1999) identified Oidium li^copersicum 
as the causal organism of powdery mildew of tomato in 
Connecticut, based on anamorph characteristics. On tomato, 
conidia were most often formed singly or in pairs on 
unbranched conidiophores. Mycelium was hyaline and measured 
5-7nm. Cleistothecia were not found. This fungus caused disease 
on a number of tomato cultivars ranging in size from seedlings 
to mature plants under greenhouse and field conditions. Eastern 
block nightshade, eggplants, tobacco, and potato were infected 
in the greenhouse. Reciprocal inoculation experiment between 
tomato and nightshade and eggplant and tobacco demonstrated 
cross infectivity, but the size and number of conidia per 
conidiophore varied between hosts. Conidia from tobacco, 
eggplant and nightshade averaged 37.8 by 19.1 |.im (S.E. = 0.5 
and 0.2, resp.) with a 95% confidence interval (CI) of 35.5 -
40.0 by 18.1-20.3 ).im (n = 300). Conidia from tomato were 
smaller, averaging 33.6 by 18.2 ^m (SE = 0.3 and 0.2, resp.) 
with a 95% CI of 32.7-34.4 by 17.5-18.9 ).im (n = 300).Conidia 
from potato averaged 32.4 by 16.6 ).im (SE = 0.4 and 0.2, 
resp.) with a 95% CI of 31.5-33.3 by 16.3-17.0 nm (n=100). 
There were significant differences in percent leaf infection and 
powdery mildew disease ratings between L. esculentum cultivars 
and L}^copersicon breeding lines under both greenhouse and 
field conditions. Most commercial tomato cultivars were severely 
55 
affected by powdery mildews. Cultivars such as Rutgers were 
not as extensively colonized by O. li^copersicum, compared to 
cultivars such as Celebrity and Nema 1200, but the severity of 
powdery mildew was still quite high. L. hirsutum and the tomato 
breeding line Hirol 3-21 were the only plants tested that were 
resistant to O. l\^copersicum. 
A powdery mildew {Oidium l}^copersici) was recorded on 
tomato {L\;copersicon esculentum) for the first time in 1988 in 
the former Czechoslovakia. Since that time, regular occurrence 
of spontaneous infection on leaves of glass-house grown 
tomatoes has been observed in at least 8 localities in the Czech 
Republic. Only the conidial (anamorph) stage was recorded; no 
sexual stage was found. For this reason a complete taxonomic 
determination is not possible. Morphological characterization 
confirmed that the observed powdery mildew could be described 
as O. l\;copersici. In host range studies 70 sp of 20 genera of 
Solanaceae and 7 sp of Cucurbitaceae were tested by Lebeda 
and Mieslerova {1999)under controlled conditions with one 
isolate of O. li;copersici. Most of the Solanaceae expressed 
resistant or moderately susceptible reactions. High level of 
susceptibility was recorded only in some Solanum sp. (S. 
capsicoides, S. jamaicense, S. laciniatum, S. lycopersicoides). 
On some Cucurbitaceae {Cucumjs melo, C. satiuus, Cucurbita 
ii^'stiff \ \ 
\ 1 '^ cc. No >^l 
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sp) development of powdery mildew symptoms and 
sporulation were recorded. 
During the last decade (since 1986), many reports 
appeared from various countries in Europe and N. America 
about the occurrence of a new pathogen on tomato crops, 
especially those grown under glass, the powdery mildew recently 
described as O.l]^copersici. To date, no teleomorphi of this 
fungus has been found. Only limited information is available on 
this pathogen. The main purpose of this paper by Mieslerova 
a^ nd Lebeda (1999) is to give a critical review of the recent 
information in this field, including its taxonomic position, 
geographical distribution, biology, host range, variability, 
sources and genetics of resistance and chemical protection. 
Powdery mildew of pea 
Raut and Wangikar (1979) studied the incidence of 
powdery mildew E. poJ\/goni DC. on 30 different pea varieties 
during 1975-76 and 1916-11. The varieties were classified in 
5 grades: 0 = Resistant with no disease intensity; I = Moderately 
resistant with 1-25% leaf area mildewed; ll = Moderately 
susceptible with 26-50% leaf area mildewed; III = Susceptible 
with 51-75% leaf area mildewed and IV = Highly susceptible 
with 76-100% leaf area mildewed. The data indicate that 5 
57 
varieties were moderately resistant to powdery mildew for 
two continuous years and none was resistant. 
Mahrshi et al. (1982) screened 136 pea varieties/ 
cultivars against powdery mildew (E. polpgoni DC.) and rust 
{Uromi^ces fabae (Pers.) de Bary) diseases under natural 
epiphytotic disease conditions, during 1911-IS,191S-19 and 
1979-80 at Jaipur. None of the varieties was found 
completely free from any of the two diseases under test. 
However, 2 varieties viz., P-185 and P-6588 were resistant 
(rating 0.1 - 1.0) against powdery mildew. Varieties B-5, B-
5 7 2 / 1 2 / 1 6 , B - 7 3 / 4 8 / 5 0 , C-12, GG-141 x MF x Arkel, P-
388, P-6587, Alaska were resistant, Alderman, Giant marrow 
fat, Morning star, Multifizer, Wisconsin were moderately 
resistant (rating 1.0-2.0) whereas 46 were moderately 
susceptible and 74 were susceptible. 
Srivastava (1982) conducted trials with 30 
varieties/strains of pea against powdery mildew in Sikkim. 
The varieties were grouped into 5 categories O, I, II, III and 
IV indicating resistant, moderately resistant, moderately 
susceptible,susceptible and highly susceptible respectively. 
Out of 30 varieties/strains tested, 3 proved resistant (P6583, 
P6587, and P6588, all table pass), 2 susceptible and 25 
highly susceptible pea to powdery mildew. 
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Saharan and Gupta (1983) screened 40 cultivars of 
pea against powdery mildew. The cultivars were placed in 
different categories on the basis of score method viz., 
0 = highly resistant (nil), 1 = Resistant (1-10%), 2 = moderately 
resistant (11-20%), 3 = moderately susceptible (21-40%), 4.= 
susceptible (41-60%) and 5= highly susceptible ( >61%) area 
affected. Only P388 cultivar showed resistance. Cultivars 
TIO and P185 were moderately resistant and others were 
moderately susceptible to highly susceptible. 
Sindhan and Parashar (1984) screened 115 
varieties/lines of pea against powdery mildew during the year 
1980-81 to 1982-83. The varieties/lines were graded 
according to following scale. 1-10% infection-resistant; 11-
20% infection-moderately resistan.t; 21-40% infection-
moderately susceptible; 41-60% infection-susceptible; 6 1 -
100% infection-highly susceptible. None was found free from 
infection. Varieties/lines viz., EC109195, EC109196, P185 , 
P388, P6583 and P6587 behave as resistant. 14 
varieties/lines behaved as moderately resistant. 22 behaved 
as moderately susceptible, 29 as susceptible and 43 as highly 
susceptible. 
Studies carried out by Krishna et al. (1987) on 12 pea 
cultivars for relation of slow or fast mildewing during Rabi 
1983-84 and 1984-85 revealed that the cultivars which 
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exhibited slow mildewing possessed a thicker cuticular 
layer and a thin epidermal layer as compared to fast 
mildewing cultivars having a thin cuticle and thin epidermis. 
The probable explanation for thick cuticle and thin epidermis 
exhibiting slow mildewing may be cuticle as a barrier in 
penetration of infection hyphae and reduced nutrient supply 
by epidermis. 0-7 scale was used to record the progress of 
the disease. 0 = free; 1 = traces of mildew specks; 2= 1-10% 
plant area covered with mildew speeks; 3=11-20% plant 
area covered with mildew specks; 4 = 21-30% plant area 
covered with mildew specks; 5 =31-50% plant area covered 
with mildew specks; 6 = 51-75% plant area covered with 
mildew specks and 7 = 76-100% plant area covered with 
mildew specks. 
The cleistothecial formation of Er\;siphe poli;goni DC. 
on pea, which is of rare occurrence, has been recorded 
consistently on pea crosses. The perfect stage was observed 
in regretting population of pea in resistant plants alone by 
Mandloi et al. (1988). The cleistothecial formation is related 
to host nutrition rather than environment. 
Development of powdery mildew caused by Erysiphe 
pisi DC. was studied on twelve pea {Pisum sativum L.) 
cultivars during Rabi of 1983-84 and 1984-85. The 
observations on apparent infection rate showed that cultivars 
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IPS-207, IPS-77, IPS-293, IPS-214 and IPS-198 were 
resistant to powdery mildew due to retarded mycelia growth 
(slow mildewing). According to Krishna and Mishra (1989) 
the slow mildewing cultivars had longer latent period, smaller 
specks and fewer conidia per speck in comparison with the 
fast mildewing ones. 
Sindhan and Parashar (1989) noted the effect of macro 
and micro nutrients on the development of powdery mildew 
of pea. Nutrients such as nitrogen 50(Ni), 100(N2), 150 (N3) 
kg/hac, phosphorus 60 (PJ, 120 (Pg), 180 (P3) kg/hac, 
potassium 50 (KJ, 100 (Kg), 150 (K3) kg/hac, zinc 5 (ZnJ, 
10 (Zng), 15 (Zns) Kg/hac, copper 2.5 (CuJ, 5 (Cug), 10 
(Cus) Kg/hac and iron 5 (FeJ, 10 (Fe2), 15 (Fe^) kg/hac were 
applied in soil in different combinations. The overall analysis 
of data indicates that incidence of powdery mildew of pea 
can be minimised by applying, high doses of phosphorus, 
potassium and high doses of phosphorus, potassium and zinc 
together or individually with normal supply of other nutrients 
and it may also be helpful in increasing the seed yield by 
providing nutrition to the plants. 
The strategy of powdery mildew progression in pea as 
well as intensity and extent of damage at the level of 
individual has shown a high level of incidence and 
comparatively low profile of severity. The disease progression 
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was observed by Shastree et al. (1990) in all target 
populations with an average incidence of 80 .5%. Average 
mean gross severity at the level of individual was 34 .19 and 
was 1.33 times more than the loss exhibited by pod weight. 
Pea lines/cvs. were tested against powdery mildew 
disease under field conditions for two successive summers 
(1992 and 1993) at Himachal Pradesh by Thakur et al. 
(1996). Final disease scoring was made when pea mildew was 
>50% on susceptible check using 0-9 scale where 0, no 
symptoms; 1, small powdery mildew spots on leaves covering 
less than 1% leaf area; 3, powdery small and scattered lesions 
covering 1-10% leaf area ; 5, powdery larger lesions covering 
11-25% leaf area; 7, powdery coalescing patches covering 26-
50% leaf area; and), powdery growth covering 5 1 % or more of 
leaf area, white coating on petioles, flowers and pods. Out of 
86 pea lines/cvs., seven viz., Sugar Giant, Pant P-8, DPP-54, 
PMR-3, JP -71 , DPP-26 and HPPC-95 were observed under 
the disease score of 1-3 (<10% infection and categorized as 
resistant whereas other fourteen were rated as moderately 
resistant having a disease score of 5 (<25% infection). Several 
lines were found to be moderately susceptible to highly 
susceptible with the disease score of 7 (<50% infection) and 9 
(>51% infection) respectively. 
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Powdery mildew on crucifers 
Suhag and Duhan (1985) noted the occurrence of sexual 
stages of the powdery mildew, epidemic development of the 
disease and extent of losses in seed yield in radish {Raphanus 
sativus L.). The test cultivar was HR-1. The weather variables 
viz., temperature (minimum and maximum), relative humidity and 
precipitation prevailing during the moriths of Feb. - Mar., 1984 
were analyzed to correlate with the disease spread. Fungal 
mycelium was dirty white and produced cylindrical condia 
measuring 29.12-43.32 x 11.90-15.52 \.\. in size. The incidence 
on leaves remained mild during Feb. and early Mar. because of 
low mean temperature, particularly night temperature (8.1°C) 
and mean R.H. of 78% coupled with little precipitation (2.1 
mm). With the increase in temperature from mid March onwards 
mean (19.4 °C) and reduction in R.H. (64%), the floury patches 
increased in size on leaves and also appeared on stem, branches 
and pods. From mid April and onward, dark cleistothecia were 
found scattered on leaves but densly grouped on the pods. They 
measured 71.80-119.10).i in diameter and contained 3-5 asci 
per cleistothecium. Appendages were myceloid, septate, 
unbranched and 1-2 times longer than the diameter of the 
cleistothecia.The characteristics of the pathogen infecting radish 
are in confirmity with those of Eri^siphe cruciferarum Opiz ex 
Junell. It appeared that formation of cleistothecia and epidemic 
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development of the disease had been favoured by moderate 
to high temperature, low R.H., dry soil and aging of the host. 
This constitute the first report on the occurrence of sexual stage 
of radish powdery mildew from India. During May, 1984 
diseased as well as healthy pods were categorized into 0-5 scale 
on the basis of pod area diseased. It was seen that powdery 
mildew affected length of pods, number of seeds per pod and 
weight of one thousand seeds leading consequently an average 
reduction of 23.42% in seed yield. As the area of infection on 
pods increased, there was a corresponding adverse effect on all 
yield parameters. The reduction in length of pods could possibly 
be due to the heavy early powdery mildew infection in the initial 
stages of pod development. Probably the normal metabolism is 
affected thereby restricting the normal pod development. The 
weight of one thousand seeds was reduced significantly due to 
this disease as compared to control. 
The strong spontaneous infection of powdery mildew 
{Er\^siphe cruciferarum Opiz ex L. Junell) which occurred in 
the autumn of 1986 on cabbage breeding material grown in a 
plastic covered greenhouse provided an opportunity for 
observing the reaction to the disease of a series of Fi hybrids 
and their parental self-incompatible lines for the first time in 
Bulgaria to Alipieva and Dimitrov (1989). It was found that in 
the crosses between susceptible and highly resistant to powdery 
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mildew lines, the Fj hybrid were also with a high degree of 
resistance. It was evident that the inheritance of the resistance 
in Fi was dominant or over-dominant. Late self-incompatible 
lines resistant to powdery mildew were selected. 
A complete diallel set of crosses, including selfs, was 
produced from 11 inbred lines of swedes and assessed for adult 
plant resis tance to powdery mildew (Erysiphe c ruc i / e r a rumj in a 
replicated field trial by Bradshaw et al. (1989). The plants were 
inoculated with powdery mildew spores on 23 Jul. 1987 . Traces 
of mildew were visible on 3 Aug. By 14 Sept. the most 
susceptible inbred line had 9 5 % of its leaf area infected, 
whereas the 3 most resistant lines derived from Bangholm Dima 
(2 lines) and Bangholm Magres ( 1 line) had only 5%. Resistance 
was controlled by partially recessive genes. There was no 
evidence of maternal effects. The implication for breeding inbred 
and Fi hybrid swede cultivars are discussed. 
Commercial rutabaga fields in Southern Ontario were 
surveyed for the incidence and severity of powdery mildews 
Eiysiphe cruciferarum during 1988 and 1989 by Shattuck and 
Parry (1990). The mean disease incidence in 1988 and 1989 
was 79 and 56% respectively, and the mean disease severity in 
1989 was 14%. In both years, high amounts of powdery mildew 
were found in fields within Huron and Middlesex countries. 
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According to Shattuck (1993), UG 3 and UG • 4 
rutabaga {Brassica napus sp. rapifera) germplasm lines are 
highly resistant to powdery mildew, and are suitable for 
developing powdery mildew resistant B. napus cultivars. The 
lines were derived from a powdery mildew resistant rutabaga 
mutant. Both lines are self-fertile, yield average weight roots 
that store well, but lack optimal root morphology. 
Gupta and Singh (1994) reported that in field trials with 20 
Brassica genotypes under conditions of inoculation with Albugo 
Candida and natural infection by Eri^siphe cruciferarum , 13 of 
the lines showed resistance to the former and S to the latter. 
Seven of the entries (4 B. napus, 2 B. juncea, 1 B. carinata) 
were free from both diseases throughout the 3 seasons of 
testing. 
The subject of the study by Cebraj et al. (1995) was a 
sectorial chimera of dihaploid winter rapeseed. obtained with 
the help of gamma ray treatment (30 Gy) during shoot cloning in 
uitro. One sector of the plant was infected by E. cruciferarum 
Opiz ex L. Junell and the other one was resistant. The 
anatomical structure of a leaf, divided into the two sectors along 
the midrib, was studied. The infected part of the leaf blade was 
thinner and built of a smaller number of palisade and spongy 
mesophyll cell layers. The size of cells in this sector, both in the 
epidermis and in the mesophyll, as well as the size of nuclei, 
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chloroplast and intercellular spaces was bigger than those in 
the resistant portion. On the other hand, the stomata in the 
infected segment were smaller but their number was higher than 
that in the healthy part. The study made it possible to analyse 
the relation between the anatomical structure of the host plant 
and the pathogen. 
Abraham et al. (1996) evaluated 6 powdery mildews (E. 
pol{;goni) lines derived from the F3 generation of a cross 
between Brassica juncea and B. carinata susceptible and 
resistant to powdery mildew, respectively, for total phenol 
content of the leaves at 45 days old. Phenol content did not 
appear to be correlated with disease resistance. 
In a field experiment conducted by Nakhate et al. (1996) 
during the rabi(winter) season of 1994-95 at Parbhani, 
Maharashtra, Brassica juncea was sown in single or paired rows 
and irrigated at branching (Br),Br + flowering (Fl), Br + Fl + 
Siliquae development or at irrigation water: cumulative pam 
evoparation(IW: CPE) ratios of 0.6 or 0.8. Seed yield was not 
affected by sowing pattern and was highest (1.60 t/ha) with 
irrigation at an 1W:CPE ratio of 0.8. Severity of powdery mildew 
{E. pol\;goni) was not affected by sowing pattern but increased 
with increasing irrigation frequency. 
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Bjorn and Iversen (1997) evaluated 5 early autumn, 6 
autumn and 7 winter varieties of Brussels sprouts {Brossica 
oleracea var. gemmifera) in 1995 and 1996. All varieties were 
harvested at 3 dates. The growing value of the varieties was 
estimated from days to maturity, yield, quality, resistance to 
diseases, suitability for mechanical harvest, sensory evaluation 
and winter hardiness. Varieties varied in all characters. In the 
autumn experiment, all new varieties were more resistant to 
powdery mildew {Er\;siphe sp) than the standard variety Boxer. 
Varieties were recommended from all trials, although none of 
them is suitable for harvest before March. 
Inheritance of powdery mildew Er\^siphe cruciferarum 
Opiz ex Junell resistance in Pi,P2, F,, F2 and back cross 
generations of four interspecific crosses between Indian mustard 
{Brassica juncea L. Czern and Cossj and Ethiopian mustard (B. 
carinata A. Br.) revealed that one gene with complete 
dominance conferred resistance to powdery mildew. According 
to Singh et a/.(1997), the resistance gene for this particular 
disease is located on the chromosome of C genome of Brassica 
oleracea L. which is one of the two diploid proginators of 
B.carinata A. Br. The parental lines of B. juncea L. were 
completely susceptible whereas, the B. carinata genotypes 
were completely free from powdery mildew incidence. The 
present study revealed that the resistance which is monogenic 
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with complete dominance in, B. carinata A.Br, could be 
introgressed in B. juncea L. cultivars by selecting disease free 
plants in advanced segregating generation which were grown 
under late sown conditions when there is heavy disease 
pressure. The fertility restoration could also be achieved with 
adopting intermating between selected resistant plants. 
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Taxonomy of powdery mildew fungi 
Powdery mildew on unbelliferous crops is usually 
prevalent in Rajasthan during Feb.- April. Leaves, young stem, 
umbels and seeds are coated with white, powdery mass of 
fungal mycelium and spores. The genera of powdery mildew 
fungi are commonly distinguished on the basis of their 
perithecia. In collections from Rajasthan, perithecia are rarely 
seen. The characters most useful in species determination are 
the mode of development of conidia (singly or in chains), size 
and shape of conidia and conidiophores and types of basal 
cell or cells. The present study was carried out by Mathur et 
al. (1974) to ascertain the variation in morphological 
characters of conidiophores and conidia and determine the 
species of powdery mildew fungi on five unbelliferous hosts 
as compared to E. poli;goni on peas. The hosts were cumin, 
coriander, carrot, dill and fennel. It was observed that 
conidiophores in all collections were short, 2-3 septate, 
bearing conidia singly, rarely in short chains of two, with one 
mature conidium at tip. The conidia were more or less 
cylindrical with almost parallel walls, although few barrel 
shaped conidia were usually present. The conidia on fruits of 
cumin and coriander were longer than those on dill and 
fennel. The conidia on seeds were larger than those on leaves 
and stems of respective hosts, but the conidia on carrot leaves 
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were the largest. Perithecia were observed only on carrot 
leaves. The conidiophores in all plant parts of different hosts 
were similar in shape and size. 
It is a general observation that the collections of 
powdery mildews from tropical or near tropical regions occur 
usually in their conidial stage. Their ascocarps are rarely or 
never seen. It is, therefore, impossible to refer them to their 
perfect state or teliomorph in modern terminology. Before 
1985, the conidial stage of Eri;siphe and allied genera have 
been ascribed to the genus Oidium Link., considered valid by 
Nomencleture Committee of XII International Botanical 
Congress held in Leningrad (1975). There is need of 
identifying the powdery mildews occurring in their conidial 
stages only. The present study by Paul and Kapoor (1985) 
was aimed to fulfill this object. Genus Oidium was split into 
three new form-genera Pseudoidium, Euoidium and Oidium 
based on three conidial types, viz. (i) the mature spores 
remain solitary at the apex of the conidiophore (ii) more than 
two mature conidia occur at the types of the conidiophore 
and (iii) long chains of conidia occur at the swollen end of 
conidiophores and mature basipetally respectively. 
To extend the taxonomical information available for 
Eri/siphe and Microsphaera sp on leguminous plants, the 
morphology of the conidia and conidial germ tubes of the 
71 
fungi on 26 host sp of Leguminosae was investigated by 
Sato (1990). There was considerable overlap among the sizes 
of conidia obtained from different host plants, and this 
overlap entailed a statistical continuity. However, conidia.of 
£. uiciae- unijugae and £. pisi on Vicia unijuga and Pisum 
sativum, respectively, were much longer than those of the 
rest of the fungi measured, while E. glycines and Oidium sp 
on seven of the species of Lespedeza or on Kummerowia 
straita formed a morphologically characteristic germ tube 
which was comprised of two or three cells. Thus the 
morphological continuity of the conidia and germ tubes 
seemed to militate against identifying species or genera, while 
analyses of both the continuity and the distinction in the 
morphology could provide taxonomically important 
information concerning the affinity against the related 
species. 
Anamorphs of powdery mildew fungi collected on 49 
hosts from Jabalpur have been described by Sharma and 
Khare (1992) using characters of current taxonomic 
importance in defining the perfect states of Erysiphaceae * in 
modern sense. All the powdery niildew fungi have been 
grouped under two conidiophore types, 26 under Euoidium 
type and 25 under Pseudoidium type. 
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The morphology of edge lines produced by chained 
immature conidia on conidiophores in powdery mildew fungi 
was studied by Shin and Yong (1993). Twenty species of 
powdery mildew fungi from 98 host plant species were 
classified into 2 groups; one with sinuate edge and the other 
with create edge. Of the fungi examined, all species of 
Ci;stotheca and Eri;siphe have sinuate edges and all species 
of Arthrocladiella, Podosphaera, Sawadaia and 
Sphaerotheca have cravat edges. The differences between the 
two types was clearly seen in herbarial as well as fresh 
material. Therefore, the edge line of catenate conidia was 
suggested as a taxonomic character for the differentiation of 
Ci^stotheca and Eri^siphe from the other genera of powdery 
mildew fungi in the conidial states. It is of special significance 
to differenciate E. cichoracearum from S. fuliginea in dried 
herbarium materials having only conidial state. 
The morphology of germ tubes produced on water by 
conidia of 50 different powdery mildew species was 
investigated by Sivapalan (1994). Based on germ tube 
morphology mildew species could be broadly classified into 4 
different groups. Germ tube morphology on water also 
enabled some powdery mildew fungi to be distinguished from 
others. 
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Characteristics of anamorph of Sphaerotheca 
fuliginea and Er\;siphe cichoracearum were examined from a 
large number of cucurbits collected from nine states in India 
by Khan and Sharma (1995) to evaluate/re-evaluate their 
utility in identification of the species. Conidial shapes, 
presence of fibrosin bodies in conidia, conidial dimensions 
and length/breadth index, morphology of germ tubes and 
point of their origin and development of appressoria were 
consistent characters, irrespective of cucurbit host and 
locality. The characteristics are suggested to be of great 
taxonomic importance and can be reliably used in 
identification of the species. 
Previously undescribed features on the surfaces of 
powdery mildew conidia were revealed by the scanning 
electron microscope (SEM), reinforcing differences observable 
by light microscopy (LM). Cook et al. (1997) observed four 
distinct patterns on the septa and ten on the outer wall, thus 
categorizing fifteen anamorph taxa. Anamorphs of Leueillula, 
Phi^Ilactinia and Pleochaeta, all had smooth to moderately 
verrucose septa, but each bore a different distribution of warts 
on their verrucose outer wall. Annular septa and an echinulate 
outer wall were unique for the Oidium anamorph of Blumeria. 
The remaining powdery mildews, all with Oidium states, had 
either whorled or fibrillar septa. Those with whorld septa are 
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separated into three newly proposed subgenera: 
Fibroidium for the anamorphs of Podosphaera and 
Sphaerotheca having conidia with fibrosin bodies and a 
smooth outer wall. Octgoidium for the dendritic patterned, 
eight sided conidia of Sawadaea; and Steoidium for the 
anamorph of C};stotheca reflecting the setae on the mycelium. 
Threes new subgenera are proposed- for those with fibrillar 
septa: Reticuloidium for conidia with a roughcast outer wall 
of Erx^siphe sect. Golouinomyces ; Gracilosidium for the 
unswollen conidia of Arthrocladiella, Straitoidium for 
conidia of Er\^siphe sect. Galeopsidis with a striate outer 
wall. The name Pseudoidium is retained as a subgenus for the 
anamorphs of Erj^siphe sect. Er\;siphe, Microsphaera and 
UncinuJa which had conidia with a scaly, fibrous outers wall. 
The patterns on the outer wall of conidia were frequently 
modified by secondary creasing. These wrinkling patterns, 
also observable under the LM, proved useful in identification 
of anamorphs, especially on herbarium specimens. SEM, LM 
and host range data were used to construct keys for the 
prediction of the anamorphs of all the powdery mildew genera 
found in the U.K. The findings, together with teleomorph 
criteria, also prompted a revision of the Erysiphaceae. 
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Records of collateral hos t s for powdery mildew fungi 
According to Rawal et al. (1980) Lagasca mollis acts as 
a collateral host for the powdery mildew fungus Erx^siphe 
polxjgoni growing on cowpea. Lagasca mollis is a common 
weed growing with cowpea around Banglore. Microscopic 
observations of spore morphology of the fungus raised on 
cowpea and L. mollis confirmed this finding. Pathogenicity 
was also checked by cross inoculations on both the plants. 
Kunkaliker and Padaganur (1994) reported Euphorbia 
hirta L. as a collateral host of powdery mildew Eri/siphe 
poli^goni D C , pathogenic on greengram which is an 
important pulse crop grown in Karnataka. Collateral hosts 
play an important role in perpetuation and survival of obligate 
parasites like powdery mildews. Er{;siphe poli^goni does not 
produce cleistothecia on greengram in nature, therefore, 
survival and perpetuation in nature might be on some other 
hosts. In order to know such possible weed hosts, samples in 
and around greengram fields infected with powdery mildew 
were collected and their conidia were inoculated to greengram 
and viceversa. The conidial measurements were made on each 
weed host and greengram. Out of 8 weeds, only one we?d, 
Euphorbia hirta L., showed positive reactions, the conidial 
measurements were found to be similar to those occurring on 
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greengram, E. hirta is an annual herb, acts as collateral 
host and as a source of inoculum to powdery mildew of 
greengram. 
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Host-haustorium interface in powdery mildew fungi 
The current understanding of the role of host- haustorial 
interface in the nutrition and specificity of powdery mildew fungi 
(Erysiphales) is reviewed by Manners (1989). The powdery 
mildew fungi have proven to be a useful model system for 
studies of the host parasite interface in biotrophic parasitism. 
Investigation of the interface has required the development of 
novel experimental approaches, eg. isolation of populations of 
haustoria in association with other interface components and the 
chemical and physical manipulation of living isolated epidermal 
strips infected with powdery mildew fungi. These experimental 
approaches have provided information on the nature of 
metabolites transferred from host to pathogen at the interface 
and on the underlying mechanisms. Studies of incompatible 
interactions with powdery mildew fungi have indicated that the 
establishment of a functional host haustorial interface is critical 
for successful infection.In future,the application of recombinant 
DNA and monoclonal antibody technologies to the host-
haustorium interface of powdery mildew should lead to a more 
detailed molecular analysis of the interface and thus provide new 
insight into the structure and function. 
The transport of sugars and aminoacids into the mycelium 
of Eri^siphe pisi DC. was investigated by Clark and Hall 
(1998)using two differei^< ^-8Wms-r;in,tact leaf discs and mycelial 
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suspensions. Of the sugars tested, glucose was preferentially 
taken up by both tissues at a higher rate than lysine or aspartic 
acid. Leaf discs from infected tissues had a greater uptake 
capacity than those from healthy tissue for both sugars and 
aminoacids. The uptake of glucose was inhibited more markedly 
than those of sucrose and fructose by lO^im carbonyl cyanide m-
chlorophenyl hydrazone (CCCP),lmM N-ethylaleimide (NEM), 
ImM diethyl pyrocarbonate (DEPC) and ImM phenyl glyoxal, 
whereas ImM PCMBS (p-chloro-mercuribenzensulphonic acid ) 
inhibited sucrose uptake to the greatest extent. Uptake of 
glutamine, lysine and aspartic acid was inhibited similarly by 
CCCP (80%), NEM (20%), DEPC (70%) and PCMBS (60%). 
Additionally, leaf diics were used to determine which solutes 
could be taken up from leaf tissues by the fungus. The uptake of 
sugars into the mycelium was greater than that of aminoacids. 
Suspensions of powdery mildew mycelium accumulated glucose 
at about three times the rate of sucrose or fructose, and the 
amino acid glutamine was taken up at three times the rate of 
lysine or aspartic acid. Spores separated from the suspension 
had a low uptake capacity. When the reducing sugar 
concentration of leaf apoplastic fluid was estimated, leaves 
infected by powdery mildew had much higher amounts in the 
apoplast, whereas the activity of acid invertase also appeared to 
be higher in apoplastic fluids from infected leaves. When 
79 
apoplastic fluid samples were run on SDS gels, an invertase 
antibody detected two bands in samples from infected tissues 
that were not found in the uninfected samples. 
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Perfect s tages of powdery mildew fungi 
A laboratory technique was standardized by Jailloux et al. 
(1998) for studying the release, maturation, germination, and 
pathogenicity of ascospores of Uncinula necator (Schw.) Burr. 
Surface disinfestation and wetting of grape (Vitis uinifera L.) 
leaf disks bearing cleistothecia collected in the vineyard before 
incubation in a humid chamber for 48 h. at 20 °C were found 
essantial for obtaining the release of ascospores (8 
ascospores/cm^). Storage conditions involving periodic wetting 
treatments of cleistothecia at 5°C during 110 days were 
necessary to induce both ascospore release (80 ascospores/cm^) 
and germination ability (62%). The matured ascospores were 
pathogenic on healthy leaf disks at 20°C indicating their 
probable role as a primary inoculum source. This technique can 
be helpful in studying the inheritance of characteristics such as 
pathogenecity and fungicidal resistance. 
Erysiphe pisi, the causal agent of powdery mildew, is an 
important disease of field pea in Western Canada, but very little 
information is available on whether or how it survives the winter 
in the prairie provinces. Therefore, studies were conducted by 
Tiwari et al. (1999) to study the role of cleistothecia on pea 
stubble, the possibility of seed transmission, and survival on 
other plant species. In 1996 and 1997 cleistothecia were 
abundantly formed on heavily infected plants m late August to 
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September under field conditions. Microscopic observation 
during the winter indicated that by May more than 95% of the 
cleistothecia had degenerated under field conditions, whereas in 
samples stored at room temperature, 50% of the cleistothecia 
contained intact ascospores. When see.ds from plants heavily 
infected with powdery mildew were grown in a greenhouse, none 
of the 4200 plants examined developed powdery mildew 
symptoms, suggesting that the possibility of transmission of E. 
pisi through infected seed is remote. When isolates of powdery 
mildew fungi originating on plant species in the vicinity of pea 
fields were inoculated onto pea, no infection occurred. 
Furthermore, none of four legume crop species (chickpea, lentil, 
field bean and faba bean) inoculated with E. pisi from pea 
became infected. 
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Powdery mildew conidia and weather parameters 
The germination of Sphaerotheca macularis (Wallr. ex. 
Fr.) Cooke.; S. fuliginea; E. graminis; E. cichoracearum and £. 
pol\^goni conidia on glass, host and nonhost leaves, in ambient 
and saturated atmosphere was studied and discussed by Jhooty 
(1971). Germination of £. pol{^goni conidia followed a diurnal 
cycle, whereas this phenomenon was absent in S. macularis, S. 
fuliginea, E. cichoracearum and E. graminis. The role of 12 
hour dark and light period on diurnal cycle was studied and 
discussed. Low cycle of germination of E. pol\;goni conidia was 
counteracted by host and non-host leaves equally well. 
It was found by Jhooty (1971) that some cucurbits like 
Luffa aegyptica, Lagenaria siceraria and CitruUus 
co}\^cinthis, in sheltered places are capable of maintaining 
powdery mildew of cucurbits caused by Sphaerotheca fuliginea 
in its normal mycelial and conidial stage during the winter 
months of November, December, January and February. By 
March, early crop which is sown in the last week of December 
or first week of January, is fully developed to become the next 
year host for this powdery mildew. The disease cycle of cucurbit 
powdery mildew in Punjab is repeated in the form of normal 
mycelium and conidia. 
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Present investigation was undertaken by Bakshi and 
Chavhan (1979) to study the germination behaviour of conidia of 
Phx^Uactinia dalbergiae, the powdery mildew pathogen of 
Dalbergia sissoo Roxb. The germination percentage was found 
to be highest on the upper leaf surface 65.10% followed by 
lower leaf surface and host leaf extract (63.61% and 49.86%) 
respectively. The germination was found to be lowest on agar 
surface (12.12%) . The appressorium formation by germinated 
conidia was found to be highest on lower leaf surface 69.98% 
followed by upper leaf surface and cellophane tape (68.55%, 
60.40%) respectively. Appressorium formation was found to be 
lowest in case of Agar and Agar + Glucose surface (39.65%, 
39.98% respectively). While germ tubes formed in case of Agar, 
Agar + Glucose surface were fairly long 72.4 \.i; 68.2).i 
respectively those formed on host surfaces were short 45.2).i, 
45.5).i respectively on upper and lower surface. The width of 
germ tube was more or less constant in different cases. In stray 
cases, certain abnormal features were observed such as lysis of 
germ tube, abnormal appressoria and long germ tubes with no 
appressoria. From these experiments it is evident that effect of 
surface is quite significant, particularly in the induction of 
appressorium. Besides surface factors environmental factors like 
temperature and humidity also influence the conidial 
germination and appressorium formation. 
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Brassica nigra var. matapobka, B. napus var. tower, 
B. campestris var. cor]dle and B. juncea var. blaze, domo, leth 
- 22A, Paharirai, RH-30, Prakash, RIK -78-6-1, RIK- 78-6-2 
and RC-781 were found hitherto unrecorded host species and 
varieties of E. cruciferarum Opiz ex Junell from India. 
Cleistothecia formation on Brassica was favoured by alternating 
low and moderate temperature, heavy sporulation, low nutriti.on 
of the host, low relative humidity, dry soil and aging of the host. 
For onset and epidemic development of powdery mildew of 
Brassica, moderate temperature, low humidity, minimum rainfall 
or dry season during Feb. and March months were congenial 
(Saharan and Kaushik 1981) 
The powdery mildew conidia germinate quickly in the 
absence of water because of relatively large water content in the 
conidia. However, the humidity requirement of various powdery 
mildews varies. The data collected by Paul and Kaushal (1985) 
revealed that conidia of mildews e.g. E. berberidis and Oidiurr) 
sp on Xylosma longifolium showed optimum germination (70-
100%) at relative humidity less than 70% Conidia of £. 
cichoracearum, E. graminis, E. martii, S. fuliginea, S. 
macularis and Oidium sp on Urtica dioeca showed optimum 
germination percentage at R.H. ranging from 70-100%. Conidia 
of other powdery mildews, E. cruciferarum, £. betae, E. prsi, 
O. amaranthii and O. oxalidis showed a wide range of R.H. 
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(20-100%) for their germination. Thus optimum conidial 
germination percentage is not affected by varying R.H. from 
atmospheric to 100% R.H. A distinct group of powdery mildews 
i.e. £. pisi on Vigna mungo and Vicia faba was also observed 
whose germination was not affected by R.H. 
A simple technique has been employed to study the various 
steps from initiation of conidial germination to penetration'of 
infection hyphae in host epidermis by Mishra and Krishna 
(1987) in case of E. pisi D C , causing powdery mildew of pea 
[Pisum sativum L.). The technique is simple and effective 
enough to study the infection process since the cuticle is hyaline 
and the part of epidermal layer attached to cuticle does not 
interfere in locating the fungal structures. Moreover, peelings 
with single layered epidermis make it easy to locate the 
penetration and subsequent haustorial development after 
infection. 
Conidia of powdery mildew of ber {Zizyphus mauritiana) 
initiated germination and appressoria formation after 2 and 4 h, 
respectively at 20 ± 2 °C in moist saturated atmosphere. 
Sporulation started 96 h after incubation on susceptible ber 
leaves. Cardinal temperatures for powdery mildew development 
were below 10, 20 and 30 °C. Relative humidity levels of 32% 
and above favoured development of powdery mildew. 
Temperature has negative significant correlation, whereas 
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relative humidity has positive non-significant correlation with 
disease (Prakash and Jhooty 1987). 
Powdery mildew is a serious disease of ber {Ziziphus 
mauritiana Lamk.). It appears around October and becomes 
serious between October and April. Survival of this fungus from 
May to September is a matter of speculation. The present study 
was initiated by Prakash et al. (1988) to find out mode of 
perpetuation of M. alphitoides f. sp. ziziphi in Punjab. It was 
concluded that powdery mildew of ber survives as normal and 
active mycelium on the leaves of ber plants growing under shade 
from May-September. From September onwards, when 
temperature becomes conducive for the growth of the fungus, 
sporulation becomes abundant and infection of leaves, floral 
buds, flowers and fruits takes place in open. 
Rapeseed mustard powdery mildew caused by E. 
cruciferarum Opiz ex Junnel has become one of the 
widespread and serious disease causing considerable yield losses 
in late sown and late maturing cultivars all over India. Percent 
spore germination was maximum (40%) at 20''C followed by 
25°C (36.1%) but germ tube length remained same (15 |.im) in 
this case. Below 20°C and above 25°C, there was significant 
reduction in percent spore germination. Percent appressoria 
formation was 100% indicating no effect of temperature regimes 
on appressorium formation. No spore germination was observed 
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below 15°C and above 30°C. The maximum spore 
germination (36.7%) was recorded at 40% R.H. followed by 50% 
where 35% spores germinated. At 30 and 60% R.H., there was 
significant decrease in percent spore germination. Above 60% 
and below 30%, there was no spore germination at all. Germ 
tube length was found 15 |.im at 40 and 50% R.H. There was 
no effect of difference in R.H. on percentage of appressorium 
formation. All germ tube formed appressoria. Conidial 
germination was from one end with single germ tube per 
conidium. There was slight increase in percent germination .of 
spores (36.7-40%) and germ tube length, when they were kept 
in light for 24 hours as compared to dark conditions. Percent 
appressorium formation was higher in case of light (100%) than 
under darkness (87.5%). In the studies carried out earlier in 
Erysiphales conidia designated as group A germinated with a 
short tube terminated by a lobed appressorium. The rate of 
germination in uitro at 21 ± 1°C at 100% R.H. in the dark 
reached < 70% in 5 hours. Moreover conidial germination is not 
influenced by the substrate (Saharan and Sheoran 1988). 
During 1973-83, phenological observations were made on 
the vegetative and sexual phases of Eri^siphe by Sachan (1991) 
in relation to environmental factors occurring in Doon valley, 
Nepal. Erysiphe sp were recorded on 21 angiosperm hosts. 
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Powdery mildew was more prevalent during Sept.- Apr. and 
less prevalent during May-Aug. 
Nine species of powdery mildew fungi were examined to 
understand the change in size of conidia in relation to air 
temperature by Shin (1992). Of these, Sphaerotheca aphan'is, 
S. fusca and S. pannosa showed constant value of conidial 
sizes, regardless of changes in air temperature. The 
length/width ratio in the conidia of E. artemisiae and E. 
sordida increased as the air temperature rose. E. 
cichoracearum gave the result against that shown in the above 
two species of Er\^siphe. The conidia of Microsphaera 
pseudolonicerae became decreased in their width as the air 
temperature fell. The length/width ratio of conidia was markedly 
increased. M. alphitoides and M. robiuiae showed variable size 
measurements in conidia regardless of changes in air 
temperature and studies for it needed for additional examination 
in future. 
Samples infected by Leueillula, Uncinula, Phf^lJactinia, 
Sphaerotheca and Erysiphe sp were collected from various wild 
and cultivated plants in Vidharbha region of Maharashtra, air 
dried and stored under laboratory conditions by Wankhade and 
Peshney (1992). Within 75 days loss of conidial viability varied 
from 40-67%. During very hot weather the percentage 
germination fell and viability was lost more rapidly in the later 
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stages of storage than in the first 45 days. Most of the 
powdery mildews showed host specificity but a few, notably L. 
taurica, E poli;goni and E. cichoracearum had a wide host 
range. It was concluded that these fungi perennate by the 
infection of collateral hosts during off-seasons or by dormant 
mycelium in some plant structures. 
Germination of Podosphaera leucotricha conidia was 
observed between 5-30°C with optimum at 20°C by Sharma and 
Gupta (1993) on apple leaves. Podosphaera leucotricha (Ell. 
and Ev.) Salm. is a serious disease of apple in India. At 5 °C, 
the germination started only after 12 hours incubation while at 
higher temperatures, it was initiated after 6 hours and at 35°C 
conidia were deformed. Germ tubes were produced after 6 
hours at temperature of 5-30 °C. Maximum growth was at 20 
and 25 °C followed by 15 and 30 °C though maximum 
germination was at 20 °C. Conidia did not germinate below 
88.5% R.H. At this R.H. and above, the germination started 
after 6 hours and it was maximum at 100% R.H. where the germ 
tube length was also maximum. 
Germination of conidia of powdery mildew species from 50 
different host plants belonging to 25 different families was 
examined on or in water and on the host leaf. Mildew conidia 
differed widely in their ability to germinate in water. This 
enabled mildew species to be divided broadly into two groups. 
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One group with germination in water comparable to that on 
the leaf surface and the other showing poor germination. Germ 
tube growth was usually faster on water than in water. 
Appressoria were produced by submerged conidia but were not 
produced by floating conidia. Experiments with Erysiphe 
graminis f.sp. hordei on barley and £. pisi on pea by Sivapalan 
(1993) showed that conidia retained their ability to grow 
normally on leaves after a period on or in water, although the 
colony growth was slower. 
The study was undertaken by Munshi and Singh (1994) to 
observe diurnal periodicity of Uncinula necator (Schew.) Bu'rr. 
on grapes, if any, in relation to conidial germination and to 
study spore germination and completion of conidia to conidia 
cycle. The germination of conidia was 73% when test conidia 
were harvested just at the beginning of light period. The conidial 
germination was 63.5, 56.5, 55.5, 70.0, 77.0 and 45.0% at 
2,4,6,8,10 and 12 hours of exposure, to light, respectively. The 
germination varied from 45-77% at different intervals of light 
exposure indicating thereby non-existence of any definite tre'nd 
of conidial germinability in relation to time of light exposure. No 
diurnal periodicity was observed in relation to conidial 
germination of Uncinula necator. On glass slides, the initiation 
of conidial germination was observed after 1.5 hours and 
reached 2 1 % after 2 hours. The conidia germinated 
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producing a single germ tube from one end and germination 
increased at a rapid rate between 2.5 and 6.0 hours which was 
23.0 and 71.7% respectively. After 7 hours, germination was 
found to be static as it was nearly the same at 7 and 20 hours 
after incubation. Formation of appressoria started after 2.5 
hours as 14% conidia produced appressoria. Appressoria were 
formed on almost all the germ tubes which came into contact 
with a solid surface. These were bilobate to multilobate. The 
appressoria formation rapidly increased between 3.5-6.0 hours 
of incubation. Thereafter, it was almost static. On host leaves, 
germination started after 1.5 hours of incubation as 5% conidia 
germinated. The germination increased rapidly from 29.2% at 
3.5 hours to 49.5% at 7.5 hours after inoculations. Thereafter, 
the germination was almost static as 52.5% conidia germinated 
after 20 hours of incubation. Appressoria formation was started 
after 3.5 hours as only 4.5% conidia formed appressoria. The 
appressorial formation increased rapidly upto 7.5 hours of 
incubation end 48.0% conidia were found with appressoria after 
20 hours. Thereafter, with the establishment of compatible host 
parasite relationship, the colonies of pathogen with profuse 
conidiophores and conidia developed after 117 hours. 
Saharan and Saharan (1994) studied the conidial 
germination and appressorial formation of Oidium lini Skoric in 
relation to different levels of humidity (R.H.) at 30°C 
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temperature over a period ranging from 2-14 hours. 
Conidial germination was initiated after 2 hour of incubation at 
all R.H.(s) except 60.00 and 70.00%. However, maximum 
conidial germination (75.0%) and maximum appressorial 
formation (16.08%) was obtained at 70.00% R.H. after 14 hour. 
The conidial size of O. lini collected from different agro -
climatic zones ranged from 12.19-39.99 x 12.19-13.33 |,im. 
The role of temperature and relative humidity on spore 
formation of Uncinula necator (Schw.) Burr, causing powdery 
mildew of grape {Vitis uinifera L.) was studied under field 
conditions during post-monsoon season of 1990-91 by Chavan 
et al. (1995). Five polythene compartments, each consisting of 
nine vines, were erected and irrigated at an internal of 4,8,12, 
16 and 20 days in order to create varying microclimate 
conditions. The temperature and R.H. within the canopy of 
vines were continuously recorded with the help of thermocouples 
and thermocouple pschyrometer respectively. The conidia of the 
fungus counted with haemocytometer indicated the rapid spore 
production and disease multiplication during December and 
January when the climate was cool and humid as compared to 
the climate in November and February. The temperature in the 
range of 12.2-30.1°C and R.H. greater than 57.4% favoured the 
spore production of U. necator. Below 8.8°C the conidia 
production was hampered, however, they can survive. 
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Mode of perpetuation of E. pisi D C , on peas {Pisum 
sativum L.) in dry temperate zone of Himachal Pradesh was 
observed by Kapoor and Chaudhry (1995). Freshly collected 
cleistothecia in September/October revealed no ascospore 
formation. Well defined ascospores were observed in February 
and March exposed to alternate freezing and room temperatures, 
and continuously exposing to freezing temperature. Under mid 
hills wet zone, conidia started appearing in Jan. /Feb. but no 
cleistothecia were produced till the harvest of crop. Decreasing 
temperature seems to stimulate the cleistothecia formation. 
Prior to cleistothecia formation, rainfall in July and first 
fortnight of August increased the rate of cleistothecia formation. 
Pattern of maximum and lowest minimum temperature during 
the two weeks prior to cleistothecia formation was 29.6°C and 
18.7°C respectively, and those for the two subsequent weeks 
was 26.8 and 16.2°C. 
Conidia of Oidiurn mangiferae, the causal organism of 
powdery mildew on mango, were trapped in a mango orchard 
during the periods of flowering and first set from 1989-91. 
Hourly aerial conidial concentrations were correlated positively 
with hourly temperature and negatively with hourly relative 
humidity, vapour pressure deficit and leaf wetness. The number 
of trapped airborne conidia of O. mangiferae was characterized 
by a distinct diurnal periodicity. The greatest number of conidia 
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were trapped between 1100 and 1600 hours. The first 
disease symptoms of powdery mildew occurred at approximately 
at same time each year. Inflorescences were susceptible 
beginning when the main axes changes colour and ending at 
fruit set (Schoeman et al. 1995). 
The time course of release of an extracellular matrix 
(ECM) from conidia of the barley powdery mildew pathogen 
Blumeria graminis was investigated by Carver et al. (1999) by 
scanning electron and light microscopy. Conidia released the 
ECM material preferentially onto a hydrophobic surface and 
release was detected within 20 sec. of contact of a conidium 
with the substratum. No such rapid release of an ECM could be 
detected when conidia were deposited onto the hydrophilic 
surface of clean glass. A limited amount of ECM was, however, 
released from conidia onto the hydrophilic surface of a hydrated 
cellulose membrane. A time study • on hydrophobic plastic 
revealed that although the ECM was clearly present within the 
first hour after contact of the conidium with the substratum, it 
was much reduced in quantity after 12 hr. incubation. The ECM 
was demonstrated by micromanipulation and light microscopy to 
be present as a liquid at the constant interface of the conidium 
and the substratum. The ECM could not be detected by SEM 
beneath conidia on leaves, but light microscopy and 
micromanipulation demonstrated that the ECM could be detected 
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beneath some conidia on the waxy surface of an epidermal 
strip taken from the abaxial surface of a barley leaf. The EGM 
material stained positively for protein and could not be removed 
from the conidium interface by vacuum desiccation in the 
scanning electron microscope indicating that the ECM is not 
simply water. 
Maheshwari and Singh (1999) noted the effect of 
temperature and relative humidity on the development of 
powdery mildew of ber {Ziz\^phus mauritiana Lamk.) 
Development and progress of powdery mildew {Eri)siphe 
cruciferarum Opiz ex Junell) disease in relation to meterological 
factors were studied in a natural/field condition by Solanki et a\. 
(1999) for three consecutive rabi seasons of 1992-93 to 1994-
95. For the initiation of development of powdery mildew (upto 
90%) in natural conditions, mean temperature, number of 
trapped conidia (averages of 10 previous days of both) and crop 
age showed significantly positive co-relations and their 
regression analysis accounted for the 75% variation. Whereas, 
excluding average number of trapped conidia (0-10), above two 
factors accounted for 69% variation (R=0.65). Moreover, 
significantly positive correlation of accumulated growing degree 
days (GDD) and cumulative number of trapped conidia from 
flowering to harvesting stage as disease initiate after flowering 
stage, was observed with area under disease progressive curve 
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(i.e. progress of disease). On regression analysis, these 
elements were accounted for as the most effective determinants 
in predicting the area under disease progress curve, which 
explained 78% of variation (R = 0.78) 
Yamaoka and Takeuchi (1999) proved that the surface of 
the barley coleoptile is relatively hydrophobic. When the 
coleoptile surface was treated with water for 20 min., the 
contact angle of water droplets decreased and the surface 
became relatively hydrophilic. When conidia of £. gramihis 
were inoculated on the hydrophobic surface of barley 
coleoptiles and immersed immediately in water, approximately 
70% of the appressoria were normal after 24 hr. In contrast, 
when conidia of E. graminis were inoculated on the hydrophilic 
surface of pre-wetted coleoptiles, only about 30% of the 
appressoria were normal. About 76% of the conidia that were 
strongly adherent developed normal appressoria. In contrast, 
only 20% of the conidia with weaker adherence developed 
normal appressoria. Application of a polycation (poly-L-
ornithine: PLO) solution to the coleoptile surface prior to 
inoculation served to attach conidia to the surface of 
coleoptiles immersed in water. After PLO treatment, 70% of the 
conidia were strongly adherent. Furthermore, in water, 72% of 
the conidia developed normal appressoria on the surface, of 
coleoptiles pretreated with PLO. These results suggest that 
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normal appressorium development of E. graminis depend 
greatly on the intensity of adhesion of conidia to the substratum 
during the process of morphogenesis in water. 
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Powdery mildew and environmental pol lution 
The impact of sulphurdioxide, at two different 
concentrations (286 ).ig/nn^ and 571 {.ig/m"*) for various 
exposure periods, on conidial germination of some powdery 
mildew fungi {Sphaerotheca fuliginea, S. cassiae, E. 
cichoracearum, E. trifolii, E. pisi, E. poli;goni, 
Microsphaera alphitoides f. sp. ziz\;phi and Phi^llactinia 
dalbergiae) was investigated in artificial treatment conditions 
by Khan and Kulshrestha (1991). SO2 in general was 
inhibitory for conidial germination of all the fungi and the 
species did not differ much from each other in their sensitivity 
to SO2. The percentage conidial germination was increasingly 
inhibited with an increase in the concentration of SO2. The 
concentration of SO2 and the exposure period was important 
determinants of the inhibitory effects. 
Effect of 0.2ppm ozone for 3,6,9 and 12 hours exposure 
duration on size, germination and fibrosin bodies of conidia 
of Sphaerotheca fuJiginea was studied in artificial treatment 
conditions by Khan and Khan (1994). The conidia exposed to 
ozone for 12 hours were deshaped and their walls ruptured. 
Ozone caused significant decrease in size (length and width) of 
conidia and number of fibrosin bodies in 6-12 hours 
treatments. Percent germination of conidia was gradually 
inhibited with the increase in exposure duration. 
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Environment is a major factor that does influence 
host parasite relationships. Air pollution caused by SO2 may 
directly alter the environment around the plant and pathogen. 
It is hypothesized that plants may respond differentially to 
foliar pathogens in air polluted environments. To test this 
hypothesis effects of intermittent exposures of SO2 at 143, 
286 and 571 ng"^ were investigated by Khan et nl. (1998) on 
the development of powdery mildew of cucumber {Cucumis 
satiua) caused by S. fuliginea , using pre-, post- and 
concomitant inoculation exposures in closed top- chambers. 
SO2 (except 143 ).ig"') and the fungus acting alone caused 
chlorosis and/or necrosis, and mildew colonies on leaves, 
respectively and both reduced the plant growth and yield of 
cucumber. Fungus colonisation was relatively greater on the 
plants exposed to 143 ).ig SO2 m"^, but at the higher 
concentrations the colonies were greatly suppressed. Gas 
injury on fungus -infected plants was also less in the other 
treatments. Conidia of S. fuliginea collected from exposed 
plants varied in size. Conidial germination was considerably 
greater at 143 ^g SO2 nT^. This concentration also promoted 
germination of the conidia exposed on glass slides. Higher 
concentration (286 and 571 .^ig m'^), however, suppressed the 
germination of conidia from exposed plants or exposed on 
glass slides. The number of fibrosin bodies declined at all the 
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concentrations. Synergistic effects of 143 pg SO2 m"^  and 
S. fuliginea were recorded on plant growth and yield of 
cucumber. SO2 at 571 ).ig m"^  and powdery mildew infection 
had an antagonistic effect on plant growth. 
Interacting effects of ozone at 0 .05, 0.1 and 0.2 ppm 
and powdery mildew infection were studied by Khan and Khan 
(1998) with respect to the growth, flowering and fruit - setting 
of bottle gourd, and ozone injury, fungal colonization, conidia 
size and germination. Intermittent exposure in closed top 
chambers to ozone at 0.1 or 0.2 ppm and infection by S. 
fuliginea, each caused significant suppressions of plant 
growth, flowering and fruit setting. Fungal colonization was 
increased by exposures to 0.05 ppm ozone, but decreased by 
0.2 ppm ozone. Less browning and necrosis (symptoms of 
ozone phytotoxicity) appeared on the leaves of mildew -
inoculated plants exposed to ozone at 0.1 and 0.2 ppm 
conidia collected from plants exposed at 0.1 and 0.2 ppm 
were smaller, contained fewer fibrosis bodies and showed poor 
germination in vitro. Fumigations with ozone at 0.05 ppm 
increased the germination of conidia collected from the 
exposed plants or the conidia directly exposed to ozone on 
glass slides in microgas exposure cabinets. Distortion and wall 
rupturing of the conidia were induced- by exposure to ozone at 
0.2 ppm for 12 hr. Ozone at 0.05 ppm and S. fuliginea 
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jointly suppressed the root and shoot growth of bottle 
gourd, significantly more than the sum of individual effects 
(synergistic interaction). The fungus infection partially 
protected the plants from injury by ozone at 0.02 ppm and 
exposure to ozone at 0.2 ppm inhibited fungal development. 
Antagonistic reductions of damage to bottle gourd growth by 
simultaneous mildew infection and ozone at 0.2 ppm were 
observed. The study revealed that powdery mildew infection 
may become severe on bottle gourd grown in areas polluted 
with mild level of ozone (0.05 ppm) whereas, at 0.1 ppm 
ozone or more, the disease will be suppressed. 
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Biocontrol of powdery mildew fungi 
Fungi pathogenic to plants affect crop and timber 
production and are responsible for the loss of and damage to 
plants in horticultural practice. At least 20% of potential 
agricultural production in the field is lost annually through 
fungal diseases, representing millions of pounds worth of 
produce. The term biocontrol in relation to plant pathogenic 
fungi implies the control of disease through a biological 
agency other than any natural defence mechanism of the host 
plant. Alternatively, it can be defined as the reduction of 
inoculum density or disease producing activities of a pathogen 
in its active or dormant state, by one or more organisms, 
accomplished naturally or through manipulation of the 
environment, host or antagonist, or by mass introduction of 
one or more antagonists. Most plant diseases are caused by 
fungi, thus the use of fungi as agents of their biocontrol 
means that this must be accomplished through interaction .of 
fungi. 
An outstanding advantage of the use of a biological 
means to counter the effects of a fungal pathogen of crop 
plants in comparison with control using fungicides is the 
curtailment or even elimination of a possible long term 
pollutant effect on the environment. 
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Dutta (1974) observed a hyperparasite, Cicinobolus 
cesati in a severe form on the Oidium sp attacking 
Adenostemma uiscosum Frost var. t\;pica (Fam. Asteraceae). 
Conidium and cleistothecium production of the powdery 
mildews is inhibited by the mycoparasites. In order to improve 
the effectiveness of treatment of infected cucumber plants 
with the mycoparasite, the plants were sprayed weekly with 
spores of the mycoparasite and at fortnightly intervals with 
the fungicide triforine which did not appear to affect 
Ampelom}^ces quisqualis. The application of spores of the 
mycoparasite alone provided only limited protection against 
the pathogen, the most effective control being effected by 
augmentation of the mycoparasite with the application of a 
fungicide. A problem associated with' the use of A.quisqualis 
to control powdery mildew of cucumber, however, is that the 
leaves and fruits of the cucumber plant appear themselves be 
susceptible to parasitism by A. quisqualis (Jarvis and 
Slingsby, 1977). 
The isolate of A. quisqualis was tolerant to many 
fungicides currently used to control powdery mildews and 
successful experiment were carried out in which the use of A. 
quisqualis in combination with the fungicide pyrazophos gave 
greater levels of coijtrol than when the mycoparasite was used 
alone. Fungicide tolerance in this fungus had been previously 
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reported and there is potential for the future development 
of this fungus as a biocontrol agent for use in integrated 
control of powdery mildews (Sundheim and Amundsen, 1982). 
The powdery mildew £. cichoracearum and 
Sphaerotheca fuliginea infect the leaves of cucumber plants 
grown in glasshouse and are responsible for loss of the 
cucumber crop. In an experimental situation, some measure of 
control' of the disease has been obtained by sprayi'ng 
cucumber plants with the conidia of either of the 
mycoparasitic fungi Ampelomiices quisqualis or Verticillium 
lecanii (Sundheim, 1982, 1986). 
The effect of aqueous suspension of eight phylloplane 
fungi on the germinatioin of conidia of powdery mildew 
{Er{;siphe cichoracearum DC.) and occurrence and 
development of powdery mildew disease on Cucurbita 
maxima was studied. Among the eight fungi tested, maximum 
suppression of conidial germination was recorded by 
Penicillium fellutanum. The minimum percentage of disease 
development was recorded by P. fellutanum followed by 
Dreschlera spicifera, Aspergillus fumigatus and Fusarium 
oxysporum (Srivastava and Bisht, 1986). 
Cicinr]obolus cesatii was recorded on three genera of 
Erysiphaceae, Sphaerotheca, Erysiphe and Oidium, infecting 
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15 angiosperms. The hyperparasite was found from August 
to October every year on powdery mildews parasitizing mostly 
members of the Asteraceae and Cucurbitaceae (Sachan and 
Sharma, 1988). 
Sundheim and Tronsmo (1988) reviewed the 
hyperparasitism on Erysiphaceae by A. quisqualis, 
Tilletiopsis yeasts and Cladosporium sp. 
An isolate of A. quisqualis obtained from a Oidium sp. 
infecting Catha edulis in Israel, proved to be infective to 
several powdery mildew fungi belonging to the genera 
Oidium, Erysiphe, Sphaerotheca Podosphaera, Uncinula a-nd 
Leueillula. In field trials, A. quisqualis parasitized the 
powdery mildews of cucumber, carrot and mango and reduced 
the disease. Hyperparasitism on Oidium mangiferae is 
reported for the first time. A. quisqualis was tolerant to 
many fungicides currently used to control powdery mildews 
and or other plant diseases. In one experiment, treating 
powdery mildew of cucumber (cv. Hazera 205) with spores of 
A. quisqualis alone, significantly decreased disease severity 
and increased cucumber yields by approximately 50%. 
However, a greater increase in yield was obtained by using the 
fungicide pyrazophos alone or in combination with the 
hyperparasite. In a second experiment, using cv. Dalila, all 
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treatments increased the yield over the untreated control, 
which did not produce fruits (Sztejnberg et al. 1989). 
Verticillium lecanii has been shown to parasitize the 
oidia of the powdery mildew Uncinula necator (Heintz and 
Blaich, 1990). 
Appropriate conditions for the mass production of 
infective spores of A. quisqualis have now been determined 
(Sztejnberg et al. 1990), and formulation has been devised 
using paraffins which can reduce the humidity demands of the 
mycoparasite and enhance the efficacy of control (Philipp et 
al. 1990). 
Studies on the virulence of Verticillium lecanii (Zimm.) 
Vietas against Mi;zus persicae Sulz. on the host plant 
Brassica chinensis L. revealed inhibition of V. lecanii by the 
phytopathogenic ectoparasite E. communis (Wallrothe) Link. 
Studies in uitro and in vivo proved the concentration 
dependent inhibition of V. lecanii blastopore germination in 
the presence of E. communis conidiospores (Mario, 1991). 
Natural resources of Ampelomyces fungi in the northern 
Caucasus in Russia were investigated. Natural and climatic 
conditions of the area were analyzed from the viewpoint of 
the possible development of hyperparasites. Data are 
presented on the frequency of the occurrence of 
107 
Ampelom\;ces hyperparasites on powdery mildew fungi 
affecting plants from various families. Extensive infection of 
powdery mildew fungi by the hyperparasites results in a 
decreased spread of pathogens due to a decrease in their 
reproductive capacity. It was found that Ampelomi/ces 
hyperparasites are able to control the development and spread 
of powdery mildew of useful plants (Puzanova, 1991). 
Significant control of cucumber powdery mildews fias 
also been obtained using Tilletiopsis minor. In glasshouse 
conditions, low relative humidities reduced the efficacy of the 
biocontrol agent but the incorporation of lipophilic 
substances into the spray formulation restored some of the 
lost activity. (Hijwegen, 1992). 
Rovesti et al. (1992) demonstrated that aqueous neem 
{Azadirachta indica) kernel extracts were as effective as sulfur 
against Sphaerotheca fuUginea on courgettes, Eri;siphe 
graminis f. sp. tritici on wheat and E. graminis f.sp. hordei 
on barley when applied both before and after inoculation-of 
the host with the pathogen in greenhouse trials. 
The yeast like fungus Sporothrix flocculosa, reported to 
be antagonistic against several members of the Erysiphales 
was used under strict commercial conditions to control rose 
powdery mildew caused by Sphaerotheca pannosa var. rosae. 
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The antagonist was applied in two separete trials on nearly 
1,000 plants of rose cultivars Preference and Samantha, and 
results were compared with those obtained from plants treated 
with registered fungicide. In the first trial, treatment with the 
antagonist exerted control compared to that of the fungicide, 
but its efficacy varied with the level of relative humidity, 
prevailing in the greenhouse. In the second trial, S. 
flocculosa was again as effective as fungicides at controlling 
powdery mildew, and amendment of the antagonist suspension 
with a surfactant to reduce dependency on humidity yielded 
even better results than S.flocculosa alone or fungicides. The 
quality of harvested roses was similar following either 
chemical or biological treatment in cv Samantha and was 
higher following biocontrol treatment in cv Preference. 
(Belanger et al. 1994). 
Hyperparasitization of Ampelomi^ces quisqualis on 
Ph\;Uactinia dalbergiae inciting Dalbergia sissoo was 
reported by Rajasab and Vidyasagar, 1994. 
Cheah et al. (1995) reported the effect of plant extracts, 
water and Acremonium sp on the incidence of powdery 
mildew {Sphaerotheca fuliginea) on squash. Re\;noutria 
extracts, olive oil and rapeseed oil all significanty reduced 
powdery mildew. No phytotoxicity Was observed on treated 
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plants. Acremonium sp performed well in preliminary 
screening but not in trials. 
Ampelomyces quisqualis normally infects senescent 
colonies of Uncinula necator in late summer. In this 
experiment; the mycoparasite was introduced at the start of 
an epidemic to reduce the rate of disease increase. Prior to 
establishing field trials, isolate of A. quisqualis were 
evaluated for pathogenecity, virulence, and host range in 
greenhouse and laboratory assays. Infection of powdery 
mildew colonies only occurred when plants were kept wet and 
resulted in sporulation of A. quisqualis within 10 days. Two 
isolates of A. quisqualis (G 5 and G 273) were evaluated for 
pathogenecity and virulence against 18 monoconidial isolates 
of U. necator on grape seedlings and showed little evidence 
of pathogenic specialization. Three isolates (G 273 , SF 419 
and SF 423) were equally pathogenic to Sphaerotheca 
fuliginea on cucurbits, S. macularis on strawberry and U. 
necator on grape seedlings. All A. quisqualis isolates appear 
to have a broad host range and cause significant damage to 
powdery mildew colonies. Pycnidia of A . quisqualis G 273 
were produced on cotton wicks saturated with malt extract 
agar or wheat bran malt extract agar. Wicks were suspended 
above grapevines of Vitis uinifera 'Riesling' and Vitis 
interspecific hybrid Aurore. Conidia were dispersed during 
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rain to infect powdery mildew colonies while leaf surfaces 
were wet. Conidia were released for 3 months in 1990 from a 
single development of wicks. Higher numbers of conidia were 
released during the entire growing season in 1992 and 1993 
due to replenishment of colonized wicks at monthly intervals. 
Wicks released conidia for 1 to 2 months in 1992 and 1993 
before becomming depleted. Powdery mildew development 
was reduced on 'Riesling' vines in 1990 following deployment 
of colonized wicks at 15 cm of shoot growth. Disease severity 
but not incidence was reduced in Aurore vines in 1992 under 
A. quisqualis colonized wicks. High rainfall in 1992 provided 
ample opportunities for dispersal of inoculum of the 
mycoparasite and the wet conditions were conducive to 
parasitism. Disease development was late and much reduced 
in 1993, which was a drier season than 1992. Consequently, 
no differences were observed in A. quisqualis treated and 
untreated plots in ± e same vineyard that year (Falk et al. 
1995). 
Kulik (1995) reported the use of extracts from seaweed 
(macroalgae) for reducing the incidence of Erijsiphe pol\;goni 
on turnips. These algae produce a large number of antifungal 
materials, and are almost never a threat to the environment, 
and many can be grown in quantity in mass culture, are 
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suitable candidates for exploitation as biocontrol agents of 
plant pathogenic fungi. 
Over recent years the company ECOGEN inc. has been 
successfully developing a biofungicide known under the trade 
name 'A Q 10' in U.S.A. where it has been authorized in 
1994 for controlling powdery mildews on various host plants. 
This new product is based on the use of Ampelom\^ces 
quisqualis, an hyperparasitic fungal species infesting 
representatives of Erysiphaceae only. The production process 
now allows for the hyperparasite to be mass cultured and 
formulated into an easily water-dispersed, dry powder which 
preserves spore viability at room temperature for a period in 
excess of 12 months. Upon spraying, the conidia germinate 
rapidly to effectively attack any developing powdery mildew 
colonies. Efforts are now been made to use this biofungicide 
in controlling powdery mildew of vineyards under a 
Mediterranean climate around the world where powdery 
mildew represents the major pest problem (Hofstein et al. 
1996). 
According to Menzies and Belanger (1996) disease 
management in greenhouse crops offer a particularly difficult 
challenge because the environmental conditions for optimum 
crop production are often also conducive to disease 
development. With the current restrictions in pesticide usa,ge 
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in greenhouses, cultural and biological methods are often 
the only alternatives for disease management. In the last few 
years, several new technologies which offer more natural ways 
of controlling pathogens have been studied and proposed for 
commercial use. Canadian scientists have been involved 
directly in the development and / or the advancement of a 
considerable number of pest management technologies with 
potential application in greenhouse, some of which are 
described here. These include the use of natural products such 
as soluble silicon and plant extracts for disease control on 
long English cucumber; the use and development of biological 
control agents, such as Sporothrix flocculosa, TiUetiopsis sp 
and Ampelomi^ces quisqualis, to control powdery mildews of 
greenhouse crops. The effectiveness of these different 
management practices, their possible mode of action, and 
their commercial potential are presented. 
Beianger and Benyagoub (1997) highlighted the potential 
of biological and other prophylactic methods as alternative 
strategies of disease management. For instance, a yeast like 
fungus, Sporothrix flocculosa, was found to be a powerful 
antagonist of powdery mildew fungus, with potential for 
commercial utilization. Microscopic and chemical studies 
revealed that S. flocculosa acted rapidly against its target 
hosts by means of antibiosis. When tested in large scale 
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experiments S. flocculosa was as effective as fungicides in 
controlling rose powdery mildews. However, it is well known 
that biocontrol agents often become less effective when 
disease pressure is high, hence it is necessary to integrate 
other approaches *o support biocontrol methods. In this 
context, a new strain of S. flocculosa was isolated, by 
selection pressure with resistance to dedemorph-acetate, a 
fungicide recommended for control of rose powdery mildew. 
This strain was shown to be as effective as the wild type at 
colonizing powdery mildew when used alone or in combination 
with the fungicide. In addition, in the case of cucumber 
powdery mildew, S. flocculosa was found to be compatible 
with prophylactic methods such as soluble silicon and 
extracts of Rei^noutria sachalinensis as a competent of an 
integrated program that may lead to successful repression of 
the disease without fungicides. 
Rankovic (1997) collected 229 sp of plants infected with 
powdery mildew in Serbia from 1982-1996. Out of them 75 
sp had hyperparasites of the genus Annpelom\^ces. 
Distribution analysis showed that hyperparasitism was greatest 
on plants from the families Asteraceae, ' Apiaceae and 
Fabaceae. Ampelomyces was not found on the family 
Poaceae. It was reported for the first time on the families 
Amygdalaceae, Comaceae, Grossulariaceae, Plantaginaceae, 
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Rhamnaceae and other 37 plant sp. Hyperparasites of the 
genus Ampelomi^ces were found on 33 different sp of fungi 
that are causal agents of powdery mildews. They are reported 
for the first time on 9 sp. Pycnidial size varied in the range 
45-106 X 25.5-40.5|.im and conidia from 4.5-10.5 x 2.5-
4.Sum. 
Yohalem (1997) gave the details of the research 
programme initiated in 1996, directed towards the 
management of powdery mildews (Erysiphales) in tomatoes, 
cucumbers and potted roses. Preliminary results indicated that 
rapeseed oil amended with either sodium bicarbonate or an 
emulsifier showed promise in the control of powdery mildew 
on cucumber. 
Two biocontrol preparations were tested by Elad et al. 
(1998) for their ability to control Sphaerotheca fusca and 
Botr{;tis cinerea on greenhouse cucumber. Trichoderma 
harzianum T39 (TRICHODEX) spray reduced powdery mildew 
severity by upto 97% but its efficiancy declined to 18- 55% 
control as the epidemic progressed. Unlike on young leaves, 
on older leaves the control of powdery mildew by T. 
harzianum T39 was poor. Ampelomyces quisqualis (AQIO) 
was very effective against powdery mildew achieving upto 
98% of control. It effectiveness declined with the progress of 
the epidemic but unlike the other biocontrol agent it retained 
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significant control capability on older leaves. Two aliphatic 
petroleum distillate oil products improved the efficacy of both 
biocontrol agents. The co-application of T. harzianum T39 
and A. quisqualis AQIO was tested on cucumber plants 
infected with powdery mildew followed by first gray mold 
infection. It resulted in no improvement of the control of 
powdery mildew and in an improvement of gray mold control, 
the latter probably because of the use of additive oil (ADDQ) 
alongwith the second biocontrol preparation. There was no 
significant interference between the biocontrol agents in the 
co-application treatments as compared with the application of 
each agent alone; the level of population of T. harzianum 
T39 remained similar and the parasitism of S. fusca by 
A.quisqualis was not nullified. The application of T. 
harzianum T39 to soil instead of spraying it resulted in 75-
90% lower powdery mildew coverage on the leaves. It was 
concluded that the mode of action of T. harzianum T39 in 
powdery mildew control is induced resistance, not 
mycoparasitism or antibiotic action. 
Huan (1998) noticed that Ampelomi/ces quisqualis 
produced pycnidia but not conidia on malt yeast extract (MY) 
agar, while in MY broth the fungus formed both conidia and 
pycnidia in 7 days. Shaking the culture greatly increased the 
amount of conidia produced in MY broth. Among the 
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s/egetables tested, carrot broth was best for conidial 
formation under shaking conditions, followed by tomato broth 
and cucumber broth. The fungus failed to grow in potato 
broth. When A. quisqualis conidia produced in carrot broth 
were incubated together with Oidium euon}^mi-}aponicae 
conidia on glass slides under moist conditions, parasitism of 
this mycoparasite on its powdery host was observed for the 
first time outside the host of the powdery mildew. 
Efficacy of plant extracts from Rei^noutria sachalinensis 
(F. Schmidt) Nakai against powdery mildew in greenhouse 
grown cucumbers {Cucumis satiuus L.) was investigated over 
three years by Konstantinidou et al. (1998), under high 
disease pressure in Greece. In most trials efficacy of the 
resistance-inducing extracts from R. sachalinensis reached 
about 90% and was comparable with that of fungicide 
treatments. In all the trials extract treated cucumbers yielded 
as many or more fruit per plant as fungicide treated plants. R. 
sachalinensis extract applications enhanced yield upto 49% 
over the control. The results demonstrate the potency of R. 
sachalinensis plant extracts as effective plant protecting 
agents even under the high disease pressure prevailing in the 
Mediterranean region. 
The mycoparasite A. quisqualis Ces. developed well 
during culturing by the suspension method in different 
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nutrient substrates. The most intensive growth was in 
Czapek's medium and in a substrate of molasses with maize 
grain extract. Pycnidia and conidia of this fungus did'nt differs 
morphologically from ones obtained on agared (solid) media 
by the surface culture-method. Artificial inoculation of 
powdery mildew {Eri>siphe artimisiae and £. cichoracearum) 
by the mycoparasite suspension expressed high virulence of 
the mycoparasite of these pathogens of Artemisia vulgaris 
and Cucumis sativus plants. It indicated that A. quisquahs 
could be used as a biocontrol agent against powdery mildew 
mentioned above (Rankovic, 1998). 
Quaternary benzophenanthridine alkoloids (QBA's) 
isolated from plants in the fam. Papaveraceae are effective for 
the control of some fungal diseases (Newman et a\., 1999). 
Extracts from Macleaya cordata, a. species rich in QBA's, 
were formulated at 150 mgL"^ QBA for spray application to 
greenhouse roses {Rosa sp) infected with Sphaerotheca 
pannosa var. rosae. The QBA formulation was applied at 10 
day intervals. For comparison, copper sulfate pentahydrate, 
piperalin, and fenarimol also were applied to mildew infected 
plants within the same green house at their respective labelled 
rates. One day after treatment, visible symptoms of mildew 
infection were reduced 60% by QBA, whereas fenarimol, 
copper sulfate pentahydrate and piperalin reduced the 
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symptoms of infection 50%, 75% and 85%, respectively. 
Subsequent studies demonstrated that a tank mix of QBA and 
piperalin provided enhanced control of powdery mildew on 
rose. Results from this study indicated that QBA'' have the 
potential to be developed as a biorational fungicide for 
greenhouse use with both fungicidal and fungistatic activity. 
Quaternary benzophenanthridine alkoloids (QBA's) 
isolated from plants in the fam. Papaveraceae are effective for 
the control of some fungal diseases (Newman et al., 1999). 
Extracts from Macleaya cordata, a species rich in QBA's, 
were formulated at 150 mgL"^ QBA for spray application to 
greenhouse roses {Rosa sp) infected with Sphaerotheca 
pannosa var. rosae. The QBA formulation was applied at 10 
day intervals. For comparison, copper sulfate pentahydrate, 
piperalin, and fenarimol also were applied to mildew infected 
plants within the same green house at their respective labelled 
rates. One day after treatment, visible symptoms of mildfew 
infection were reduced 60% by QBA, whereas fenarimol, 
copper sulfate pentahydrate and piperalin reduced the 
symptoms of infection 50%, 75% and 85%, respectively. 
Subsequent studies demonstrated that a tank mix of QBA and 
piperalin provided enhanced control of powdery mildew on 
rose. Results from this study indicated that QBA'' have the 
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potential to be developed as a biorational fungicide for 
greenhouse use with both fungicidal and fungistatic activity. 
Rajappan et al. (1999) investigated the development and 
evaluation of EC and dust formation of plant derivatives 
against green gram powdery mildew. 
A bioassay was developed by Verhaar et al. (1999) to 
study the effectiveness of mycoparasites to control rose 
powdery mildew under selected environmental condition. One 
isolate of A. quisqualis, Aphanocladium albuni, Sporothrix 
rugulosa and Tilletiopsis minor and four isolates of 
Verticillium lecanni were tested at four relative humidities 
(RH), 100, 90, 80 and 70%. Each of these fungi seemed ' to 
have its own, humidity-dependent pattern of mycoparasitism. 
Most mycoparasites lost their effectiveness rapidly below 
100% RH, but one isolate of V. lecanii achieved over 80% 
mildew control at 90% R.H., a hopeful result. 
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Chemical control of powdery mildew fungi 
Reddy and Rao (1971) reported that benlate is not only 
highly effective but also systemic in controlling powdery 
mildew on cluster beans, bhindi and tomato. It is of interest ' to 
note that this chemical possesses both protection and 
therapeutic action. Within the plant, benlate moves readily but 
downward movement is not observed. In the present 
investigations the disease appeared 15-20 days after the 
fungicide application, indicating that the fungicide loses its 
action within about 15-20 days after its application. Although 
the time taken for the fungicide to be inactivated is about 15-
20 days in the crops studied, it might differ in other hosts. • 
According to Srivastava et al. (1971) powdery mildew of 
coriander causes 15-20% loss in yield in Rajasthan. Field 
trials were conducted to determine the relative efficacy of 
different fungicides. Cosan, sultaf, karathane WD, elosal, 
thiovit and morocide proved efficacious over morestan and 
control (water spray and no spray). Two sprays are essantial 
to obtain satisfactory results. 
The opium poppy crop suffers with powdery mildew 
caused by E. polygoni every year in Rajasthan. The disease 
appears in the fields after flowering stage and causes heavy 
losses in the yield of opium and seed. Several fungicides were 
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found to control the disease effectively One spray of 
spersul (0.5%) was found sufficient to control the disease 
when applied at the time of first appearence of the disease 
(Kothari and Prasad, 1972). 
According to Roy (1973), benomyl has given excellent 
result to control mildews both as soil drench and foliar spray. 
Beside its systemic action it has also shown therapeutic 
property. Good control of Podosphaera leucotricha on apple, 
P. ox\;acanthae on cherry, S. fuliginea and E. cichoracearum 
on cucumber has been achieved with benomyl In India, there 
is good performance of benomyl in controlling mildews caused 
by Oidium on clusterbean, bhindi and tomato Dinobuton, is 
known to be effective against P. leucotricha on apple, 
binapacryl against the same disease and S. fuliginea on 
cucurbits and karathane against E. cichoracearum, E. 
cichoracearum f. sp. cucurbitacearum and S. fuliginea f. sp. 
cucurbitacearum on cucumber. In the present studies though 
good control of Oidium has been achieved on cowpea by 
binapacryl and dinobuton but on jute these have given partial 
control 
Powdery mildew of pea appears in Rajasthan every year 
in varying intensity. Sulphur dust, cosan, elosal, karathane 
WD and thiovit sprays controlled the disease satisfactorily and 
also increased the yield substantially. Sulkol, morestan. 
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morocide and aureofungin were less promising for the 
control of the disease (Srivastava et al. 1973). 
It was found that 'Milstem' 0 .1% completely checked the 
powdery mildew infection on tobacco caused by E. 
cichoracearum DC. Treatment with 'Milcurb' 0 . 1 % caused 
severe phytotoxicity on leaves in the form of localized burnt 
areas. Both the chemicals at 0.05% brought down infection to 
traces, Moreover, "Milcurb' at this concentration did not show 
phytotoxicity. At still lower concentration of 0 .025% and 
0 .01% both the chemicals were found ineffective. The 
'Milstem' treated plants showing absolutely no infection were 
kept for further observation and ' they remained healthy 
through out. Therefore, 'Milstem' 0 .1% applied as soil drench 
eradicated the established infection and also acted as an 
effective protectant (Suryanarayana and Dhingra, 1973). 
Dutt and Rai (1974) reported the effect of fungicides like 
Sulphur dust (85%), Sultaf (0.2%), Benlate (0.05%), Bordeaux 
mixture (5:5:50), Bordeaux mixture (2.5:2.5:50) and 
Aureofungin (100 ppm)+ CUSO4 (40 ppm) under greenhouse 
conditions to control the powdery mildew of potato caused by 
E. cichoracearum DC. It was observed that good control of 
the disease was obtained with sulphur dust, sultaf and benlate. 
123 
Spraying of fungicides at fortnight intervals 
appreciably reduced the powdery mildew incidence in moong 
(Phaseolus aureus RoxbJ caused by Er^jsiphe poIi)goni DC. 
and significant disease control was obtained at 5% level of 
significance. Increased grain yield was also obtained by way 
of controlling disease by spraying fungicides like Cosan, 
Karathane WD, Elosal and Thiovit (Gupta et al. 1975). 
Sharma et al. (1975) investigated the effect of different 
fungicides like karathane WD, sulkol, cosan, elosal, persul, 
thiovit, morocide, morestan dust and sulphur dust on powdery 
midlew of muskmelon {Cucumis melo L.) caused by 
Sphaerotheca fuliginea (Schlecht.) Poll, in Rajasthan. In trials 
during 1968-69 all test fungicides reduced the incidence of 
disease significantly. However, sulphur dust, karathane W D 
and sulkol were significantly superior to others. In further 
trials with six fungicides (1970-72) all were significantly 
effective in reducing the incidence of disease each year. 
Pooled analysis revealed that the effect of different fungicides 
averaged over three years (1970-72) was also significant. The 
performance of the two fungicides karathane WD and elosal 
remained consistently superior over the other four fungicides. 
Powdery mildew {Erysiphe pol\^goni DC.) is an important 
disease of pea in India. The present communication deals with 
the chemical control of powdery mildew of pea, under field 
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conditions at Kanpur. The fungicides used were sulfex 
(wettable sulphur), karathane, calixin and morestan. Sulfex 
was most effective in controlling this disease and was followed 
by karathane, morestan and calixin during 1971-72 and by 
calixin and karathane during 1972-73. It was remarkable to 
note that sulfex treated plots gave the highest yield also in 
both the seasons. Keeping in view the efficacy and economics 
of sulfex, it may be recommended for controlling powdery 
mildew of pea (Singh and Mishra, 1975). 
Powdery mildew of cucurbit caused by Sphaerotheca 
fuliginea (Schlecht.) Poll, is a serious disease in the Northern 
India. Keeping in view the wide prevalence and continuous 
occurrence of this disease, systemic and protective fungicides 
were evaluated in the field for controlling powdery mildew of 
bottlegourd [Lagenaria siceraria (Mol.) Standi.1. The 
fungicides used were sulfex, karathane WD, morestan, dikar, 
benomyl, morocide and bavistin. All the fungicides reduced 
the disease intensity. However, benomyl, bavistin and 
karathane were more effective while sulfex followed closely. 
Dikar, morocide and morestan were significantly less effective. 
Karathane has been reported to be effective against powdery 
mildew of cucurbits. Systemic fungicides i.e. benomyl and 
bavistin have been found to be equally effective in controlling 
this disease. Presently, it has been found that benomyl as 
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foliar spray is also quite effective in controlling powdery 
mildew of bottlegourd (Waraitch et al. 1975). 
Five fungicides namely, bavistin, calixin, microsulf, 
devisulphur and wetsulf were tested for their effectiveness^in 
controlling the powdery mildew of pea in the field by Nema 
and Krishna (1982). Three sprays of the fungicides were given 
to the crop at 15 days interval after first appearence of the 
disease. Karathane (0.05%), sulfex (0.3%) and calixin (0.05%) 
were highly effective and economical. 
Control of Sphaerotheca fuliginea affecting bottle 
gourd, summer squash and pumpkin was tried by sprays of 
bavistin, calixin, karathane and sulfex by Suhag and Mehta 
(1982).Calixin (0.1%) gave best control of powdery mildew 
while sulfex (0.2%) was next best on all the three cucurbits. It 
was further noticed that sulfex was economically cheaper in 
controlling this disease, even though 2-3 sprays were required 
in control to 1-2 sprays with calixin. 
Powdery mildew of mango, ber, muskmelon and pea are 
destructive diseases in Haryana. Suhag and Mehta (1982) used 
the fungicides: bavistin 50 WP, calixin 75 EC, karathane 48 
EC and sulfex 70 WP. All the fungicides were used on 
formulation basis. In case of mango, which recieved only one 
spray, all the fungicides except bavistin were significantly at 
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par with each other and different from check. In ber, the 
appHcation of karathane (0.1%) and sulfex (0.2%) were 
significantly superior to caUxin (0.1%), bavistin (0.1%) and 
sulfex (0.15%) in case of pea, even one spray with either 
caHxin or sulfex (0.2%) reduced as much disease as with two 
sprays of sulfex(0.15%), bavistin and karathane. Among these 
crops, maximum yield increase, (over control) was given by 
ber. Yield increase in mango and muskmelon was rougfily 
three times less in ber and the least was in pea, maximum 
being 3.8 kg of green pod/plot . Calixin gave maximum yield 
in mango and ber; karathane in muskmelon and bavistin in 
pea. Sulfex (0.15%) was superior in providing maximum 
monetary benefit in all crops. 
Agrawal and Philip (1983), reported the use of wetsulf as 
a control measure against powdery mildew (Erusiphe pol\^goni 
DC.) of urid {Phaseolus mungo) in Chattisgarh. With an 
increase in the number of sprays 'of wetsulf there was a 
corresponding decrease in the disease incidence. Thus control 
of powdery mildew with wetself has augmented the yield of 
urid. The worked out economics of sprays showed that the 
maximum additional gain due to sprays is under three sprays 
of wetsulf. It may be concluded that three sprays of wetsulf 
(0.3% at the rate of 900 1/ha) at an interval of 12 days after 
» 
the appearence of disease are economical and effective. 
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Suhag and Mehta (1983) reported the disease 
controlling efficacy of 6 fungitoxicants against 4 powdery 
mildew fungi attacking different host genera, species and 
cultivars. Cultivars of muskmelon {Cucumis melo L.); 
cucumber {Cucumis satiuus L.); bottlegourd {Lagenaria 
siceraria (Mol.) Standi.); pumpkin {Cucurbita moschata 
Duchesne); pea {Pisum sativum L.); summer squash 
{Cucurbita pepo L.); mango {Mangifera indica L.); ber 
{Ziz\;phus mauritiana Lankj were used for applying 
fungitoxicants. The fungi used were:- Sphaerotheca fuliginea 
on summer squash, pumpkin and bottlegourd; Er\^sip,he 
pol]^goni on pea, Oidium mangiferae on mango and Oidium 
er\;siphoides f.sp. ziziphi on ber. Fungitoxicants used on their 
formulation basis were bavistin (0.1%), sulfex (0.2%), wetsulf 
(0.2%); karathane (0.1%), calixin (0.1%), and vigil (0.1%). 
Bioassay with leaf exudates of two cucumis species (C. melo 
and C. sativus) against spore germination of S. fuliginea 
revealed that toxicity of fungitoxicants was modified by leaf 
exudates of host cultivar tested. A single fungitoxicant has not 
proved equally effective or ineffective on different cultivars of 
the same host or on closely related host genera. Disease 
controlling potential of fungitoxicants is not much influenced 
by the relative susceptibility of the cultivar to a pathogen. All 
these studies proved a positive role of host cultivar, species 
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and genera in deternnining the efficacy of fungitoxicnts for 
controlling diseases. 
Powdery mildew of pea {Pisum sativum L.), caused by 
Er{;siphe poli;goni DC. is a widespread disease of North India 
which reduces the yield considerably. In this present study 
Hooda and Grover (1984) evaluated the eficiency of fungicicfes 
when the disease has just begun or has reached a maximum of 
20% intensity. The fungicides used were dinobuton (Acrex 30 
e . c ) , bitertanol (Baycor 25 w.p.), triadimefon (Bayleton 5 
w.p.), triadimenol (Baytan 15 d.s.), carbendazim (Bavistin 50 
w.p.), tolylflvanid (Euparen-M 50 w.p.), E 9267 (e.o. Apar 
Pvt. Ltd. Trombay), diclobutrazol (Vigil 12.5 e . c ) , systhane 
22.2 e.c. and wettable sulphur (Wet-sulf 35 w.p.) at the rate 
of 0.2% formulated material till run-off. One spray wjth 
bitertanol was found to be very effective in keeping the 
powdery mildew under check irrespective of initial disease 
intensity. Triadimenol and diclobutrazol sprays reduced the 
disease intensity to about 50% in all cases. The efficacy of 
four systemic fungicides, viz., bitertanol, triadimenol, 
diclobutrazol and triadimefon to check powdery mildew 
development of pea, even when it has already developed upto 
20%, suggested their protective as well as eradicative role. . 
Most reports on the control of £. poli^goni DC. on pea 
{Pisum sativum L.) suggest 2-3 sprays of fungicides like 
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bavistin (0.1%), karathane (0.1%), and sulfex (0.2-0.25%). 
The feasibility of application of these fungicides at minimum 
rates with least number of sprays for effective and economic 
control this disease was explored by Suhag and Rana (1984). 
The four fungicides viz., wettable elemental sulphur (Sulfex 70 
w.p.); Calixin 75 E.C.; Bavistin 50 w.p. and Karathane 48 
E.G. were evaluated during 1980-81 and 1981-82 crop 
seasons. Each of the fungicide was tested at two rates (on the 
basis of formulated material). It is logical that either single 
application of calixin (0.1%) or two application of calixin and 
karathane at reduced rate (0.05%) or sulfex at conventional 
rate (0.2-0.25%) are sufficient to control this disease. Sulfex 
at both the concentrations was superior in providing maximum 
monetary benefit. 
Powdery mildew of cumin {Cuminum ci;minum L.) 
caused by E. pol\^goni DC. is a wide spread disease in Gujrat 
which reduces the yield considerably. The present study was 
undertaken to find out the suitable fungicide for effective 
control of the disease by Gohil et aJ. (1985). The test 
fungicides were sulphur dust (25 kg/ha and 15 kg/ha); 
Bayleton (0.08%); Baycor (0.1%); Wetsulf (0.3%); Calixin 
(0.05%) and Bavistin (0.025%). All the fungicides except 
Bavistin were significantly superior in their effects over 
control for checking the disease intensity. However, sulphur 
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dusting at the rate of 25 kg/ha and 15 kg/ha was found to 
be significantly superior to rest of the fungicides in reducing 
powdery mildew. Sulphur dusting and sultex, a wettable 
sulphur fungicide were found as effective. The highest yield 
was obtained in treatment where 25 kg/ha sulphur was added 
followed by at 15 kg/ha. Based on Incremental Cost Benefit 
Ratio (ICBR) 15 kg/ha was the most suitable and thus three 
dusting of sulphur, each at the rate of 15 kg/ha are 
recommended for the control of powdery mildew of cumin. 
The fungicides Bavistin (Carbendazim); Calixin 
(Tridemorph); Karathane (Dinocap); Dithane M-45 (Mancozeb); 
Dithane M-45 + Elosal (Wet. Sulphur); Lime + Sulphur; 
Thiride + Elosal (Thiram) were evaluated against powdery 
mildew of pea [Pisurm sativum L.) .in Nepal. The systemic 
fungicide Bavistin 50 WP was found to be most effective than 
other fungicides. A combination of Lime + Sulphur was also 
found to be next best fungicide followed by Karathane and 
Calixin. Lime sulphur is considered to be superior in 
providing monetary benefit followed by Karathane and Calixin 
(Shrestha, 1985). 
Datar (1986) tested the efficacy of fungicides, Bavistin, 
Topsin M-70, Morocide, Morestan,' Karathane and Sulfex 
against powdery mildew of mango caused by Oidium 
mangiferae Berth. Topsin M-70 was the best fungicide in 
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reducing powdery mildew disease intensity over control 
followed by karathane and bavistin which were at par with 
topsin M-70. The mean fruit count for the three years was 
highest in topsin M-70 (22.75). It was at par with bavistin 
(18.58) and was significantly superior to morestan (16.66), 
sulfex (15.16), morocide(12.66) and karathane (12.50), The 
cost benefit ratio was 1:4.2 for bavistin, 1:5.3 for topsin M-
70, 1:6.6 for moretan, 1:4.0 for morocide, 1:1.2 for 
karathane and 1:3.6 for sulfex. 
Cumin {Cuminum c\;mir)um L.) is an important rabi crop 
widely grown in North Gujarat. Powdery mildew caused by E. 
polygoni DC. has been observed in severe form in this area. 
Experiments were conducted by Gohil et al. (1988) for two 
years (1985-87) on a susceptible cumin variety MC-43. The 
disease incidence was recorded by following 0-5 scale. The 
sulphur dusting at 15 kg/ha. , significantly reduced the 
powdery mildew intensity as compared to control in both the 
years and in pooled data also. The grain yield was 
significantly more over control in both the years and in 
pooled data. The average percent loss in yield due to powdery 
mildew disease was 19 .1%. 
Powdery mildew of mungbean {Vigna radiata L. 
Wilczek), mango {Mangifera indica L.), ber {Ziziphus 
mauritiana Lamk.) and cucumber {Cucumis satiuus L.) caused 
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by E. poli^goni D C , Oidium er\;siphoides f.sp. 
mangiferae Berthet, Oidium eri;siphoides f. sp. ziziphi Yen 
and Wang and Sphaerotheca fuJiginea (Schlecht.) Poll., 
* 
respectively are economically destructive diseases in Haryana. 
The present study was undertaken by Bhatia and Thakur 
(1989) with systemic and non-systemic fungicides as Sulfex 70 
WP (0.2%), Sulfex 80 WP (0.2%), Calixin 75 EC (0.1%), 
Bavistin 50 WP (0.1%), Karathane 48 EC (0.1%) and Benlate 
(0.1%) in reducing the disease intensity and increasing the 
yield. Sulfex-80 WP (0.2%) was reported for the first time 
against powdery mildew disease of economic crops. 
Rao (1989) demonstrated the results of experiments on 
the fungicidal control of powdery mildew Uncinula necator of 
grapevine by the following test fungicides namely: Sulfex 
(0.25%), RH- 2161 (0.1%), Karathane (0.05%), Calixin 
(0.05%), Topsin-M(0.1%), Bayleton (0.05%), Wet. sulf (0.4%), 
Sulphur dust @ 15 kg/ha), Bavistin (0.1%) and Thiovit 
(0.25%). Bayleton (0.05%) and RH-2161 (0.1%) were superior 
to all other treatments. Calixin (0.05%), bavistin (0.1%), 
karathane (0.05%) and topsin-M (0.1%) also proved effective 
followed by Wettable sulphur (0.25%), Sulphur dust® 15 
kg/ha and Wettable sulphur suspension (0.4%). 
Das and Narain (1990) reported the management of 
powdery mildew E. poli^goni DC. of mungbean {Vigna radiata 
133 
(L.) Wilczek). All the fungicides, namely, bavistin, topsin-
M, karathane, derosal and sulfex significantly reduced the 
powdery mildew severity of mungbean over unsprayed control. 
In general, two spraying of fungicides gave better control of 
the disease as compared to one spraying. 
The effect of calixin and karathane as pre-and post-
inoculation single sprays at 0.05% a. i. was studied for three 
crop seasons (1983-86) on the development of mildew 
epidemics {E. pisi DC.) on pea by Mishra and Krishna (1990). 
Sprays 4 days prior to inoculation resulted in delayed start of 
the epidemics but allowed it to develop at a faster infection 
rate. Disease control from 24 .22 -51 .81% was obtained in 
comparison to unsprayed plots (calculated on the basis of 
iRc). Greater effectiveness of fungicide as pre-inoculation 
sprays was evident from reduction in conidial germination, 
greater incubation and latent periods, fewer and smaller 
colonies and reduced conidial yield. 
Sinha (1990) reported the chemical control of powdery 
mildew E. cichoracearum DC. of parmal {Trichosanthes 
dioica Roxb.) with 10 fungicides, namely, wettasul, cosan, 
morestan, morocide, karathane, sulfex, benomyl, calixin, 
jkstein, and topsin-M for three consecutive years. Karathane 
and morestan at 0.2% were statistically at par and better than 
other fungicides. Next best fungicide was calixin (0.1%) 
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followed by benomyl (0.1%), morocide (0.2%), sulfex 
(0.2%), cosan (0.2%), topsin-M (0.1%), wettasul (0.2%) and 
jkstein (0.1%). 
Lithium chloride solution (ImM) supplied to cucumber 
{Cucumis sativus) plants via the root system, conferred 
protection against powdery mildew infection of the leaves by 
Sphaerotheca fuliginea. The development of infection 
structures was significantly inhibited by this treatment. 
Effective concentrations of the lithium salt increased the 
growth of shoots but resulted in some reduction of root 
growth. The incorporation of lithium by different parts of 
plants was assessed during a 20-day treatment period. The 
possible mode of action of lithium on this host pathogen 
system is discussed (Abood et al. 1991). 
Powdery mildew of mustard {Brassica juncea (L.) Czern. 
and Coss) caused by £. cruciferarum Opiz ex. Junell is a 
widespread disease in most mustard growing areas in India 
including Gujarat. Karathane (0 .025/and 0.050%), topsin-
M(0.035%), sulphur dust (20 kg/ha), calixin (0.040%), thiovit 
(0.200%), rizolex (0.050%), bengard (0.025%), blitox 
(0.200%), dithane Z-78 (0.200%), foltaf (0.200%), ridomil 
(0.200%) and dithane M-45 (0.200%) were tested against 
control by Jani et al. (1991). Karathane, topsin-M, sulphur 
dust, calixin, thiovit and rizolex significantly reduced powdery 
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mildew severity as compared to control. The lowest disease 
incidence was obtained with karathane (0.025%). 
Field trials were conducted ' at the Central Plant 
Protection Training Institute farm for 3 years (1989-91) for 
the control of powdery mildew of pea {Pisum sativum L.) 
caused by E. poli;goni DC. on the commonly grown cultivar 
Bonneville by Rana et al. (1991). Carbendazim (0.1%), 
dinocap (0.05%), fenarimol (0.045%) and (0.06%), triadimefon 
(0.025%) and (0.04%) and wettable sulphur (0.3%) were tested 
alongwith an untreated control in a randomized block design. 
Two sprays of either triadimefon (0.04%) or fenarimol (0.06%) 
were very effective for disease control as well as increasing 
the green pod yield. These were followed by dinocarp and 
wettable sulphur which were intermediate and carbendazim 
was least effective. The cost benefit ratio was in the order of 
wettable sulphur (1:12.5) > triadimefon (0.025%) (1:12.4) > 
dinocarp (1:11.8) > triadimefon (0.04%) (1:9.0) and 
carbendazim (1:2). 
A range of fungicides was assessed on late sown green 
peas in S-E Queensland and N-E Tasmania (Australia) for the 
control of powdery mildew Oidium sp. by Ransom et al. 
(1991). Triadimefon (Bayleton 125 EC) at 500 mL/ha applied 
at early flowering gave excellent control under high disease 
pressure in both states. In Tasmania, single sprays with 
tebuconazole, propiconazole or fenpropimorph also 
reduced leaf and pod infections significantly, with 
corresponding increase in yield. Wettable sulphur was 
effective in both states. It has a significant chemical cost 
advantage over systemic fungicides and is acceptable 'to 
biodynamic/organic growers. 
Horst et al. (1992) recorded the control of powdery 
mildew caused by Sphaerotheca pannosa var. rosae by weekly 
sprays of 0 .063 M aqueous solution of sodium bicarbonate 
plus 1.0% (V/V) sunspray ultrafine spray oil on Rosa sp. 
Control of powdery mildew was evaluated on cultivars Bridal 
Pink, Gold Rush, Lavande, Prive, Samantha, Sonia and 
Royalty in greenhouse experiments. The chemicals were 
eradicative when applied individually or in combination; 
however, treatment in combination was better (P=0.0002). 
These results indicate that sodium bicarbonate and oil appear 
to be effective biocompatible fungicide for control of powdery 
mildew. Differences in response to powdery mildew among the 
cultivars ranged from complete resistance in Gold Rush to 
high susceptibility in Samantha. 
In field trials by Patel et al. (1992) during 1986-88 the 
lowest disease intensity {Eri;siphe polygoni) and highest grain 
yield in mustard were obtained with dinocap treatments, 
followed by tridemorph and wettable sulphur. 
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To establish control thresholds for chemical control 
of powdery mildew (£. cruciferarum) on Brussels sprouts, 
mildew intensity on leaves and buds was observed on the 
cultivars Lunet, Tardis and Asgard during three years in 
unsprayed plots by De Jong and Hasper (1996). Mildew 
infection on the leaves was observed from late August 
onwards, increasing to moderate or high levels. In one year 
light infestations of the buds was observed, but no reduction 
in quality occurrred. These preliminary results indicate, that 
from late August onwards the following levels of leaf injury by 
powdery mildew can be tolerated: T = 5 + 0.42 (Julian date -
235), in which T is the tolerable leaf injury in percentage leaf 
area concerned. When sampling the crop to assess powdery 
mildew infection, care must be taken that leaves are sampled 
from all stem positions, as top leaves tend to be much less 
infected. 
The effect of seven fungicides on E. poli^goni on Indian 
mustard cv. Varuna are tabulated. Foliar spray of Karathane at 
0.2% was the most effective in reducing disease and 
improving mustard grain yield (Singh and Chavhan, 1996). 
Balamuralikrishnan and Jeyarajan (1998) showed that 
seven sprays with Rubigan (fenarimol 12 EC) 0.05% at 10 day 
intervals starting from 15 cm cane length and uptc 60 cm 
effectively controlled grapevine powdery mildew. Rubigan was 
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found to be highly compatible with mancozeb and 
phosphamidon. It also increased the yield and improved fiuit 
quality by increasing the content of reducing sugars, total 
sugars and total soluble solids, but decreasing the acidity and 
non-reducing sugars. Fenarimol residues persisted in fruits to 
the maximum of 14 days after last spray that too at very low 
level. The dissipation rate was more during summer. 
Efficacy of six new fungicides, viz., triadimefon, 
hexaconazole, difenconazole, flusilazole, fenarimol and 
penconazole alongwith mancozeb and chlorothalonil was 
tested for the control of pea powdery mildew and rust by 
Gupta and Shyam (1998). Triadimefon (0.05%) sprays were 
found highly effective in reducing the severity of powdery 
mildew with hexaconazole (0.10%) and difenconazole 
(0.015%) were best against rust beside exhibiting an 
appreciable increase in green pod yield. 
According to Reuveni et al. (1998) foliar sprays of 0,5-
1% solutions of KH2PO4 (plus Triton X-100), commercial 
systemic fungicides, and an alternating treatment of 
phosphate fertilizer and systemic fungicides inhibited the 
development of the powdery mildew fungus, Podosphaera 
leucotricha (Ell. and Ev.) E.S. Salmon, on shoots and leaves 
of apple trees. The effectiveness of alternating an appropriate 
systemic fungicide with a 1% solution of monopotassium 
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phosphate (MKP) was similar to that of the commercial 
treatment with the systemic fungicides. However, application 
of the systemic fungicides only, omitting the phosphate 
treatment when they were scheduled, was significantly less 
effective than either the phosphate or the alternation 
treatments. These results indicate that the use of phosphate 
fertilizer has a significant role in disease control, enabling 
reduced number of fungicide treatments against powdery 
mildew by upto 50%. 
Reuvevi and Reuveni (1998) experimentally proved that a 
foliar spray of 1% (w/v) solution of the fertilizer mono-
potassium phosphate (MKP) (KH2PO4) on the upper surfaces 
of lower leaves of greenhouse grown peppers induced local 
and systemic control against Leueillala taurica, as compared 
with control plants, expressed by a reduction in the leaf area 
covered with sporulating colonies and in conidial production 
on leaf tissue, 24 or 48 hr. post treatment, when MKP was 
applied on lower leaves of plants that had been exposed to 
the source of inoculum. Microscopic examination indicated 
destruction of both hyphae and conidial structures on MKP 
treated leaves. Phosphate solutions were not phytotoxic to 
plant tissue and did not affect the yield, as compared with the 
fungicide treatment. 
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Reuveni et al. (1998) showed that foHar sprays of 
solutions of di-potassium hydrogen orthophosphate, K2HPO4 
(DKP) and potassium di-hydrogen orthophosphate (MKP), 
commercial systemic fungicides, and an alternating treatment 
with phosphate fertilizer and systemic fungicides inhibited 
development of the powdery mildew fungus, Oidium 
mangiferae, on flowers and bloom clusters of field grown 
mango trees.This indicates that the use of phosphate 
fertilizer has a significant role in disease control and that it 
can reduce the number of fungicide treatments necessary 
against powdery mildew by upto 50% . Phospha<"e solutions 
were found not to be phytotoxic to plant tissue. 
Reuveni et al. (1998) noticed that foliar application of 
1% solution of mono-potassium phosphate (MKP=KH2P04) 
fertilizer + Triton X-100 (0.025%), sterol inhibiting (SI) 
fungicides and an alternating treatment of phosphate fertilizer 
and SI fungicides inhibited development of the powdery 
mildew fungus Sphaerotheca pannosa on fruits and leaves of 
nectarine trees in three consecutive years These results 
indicate that the use of phosphate fertilizer has a significant 
role in disease control, enabling upto 50% reduction with 
number of fungicide treatments required for powdery mildew 
control 
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Heavy agricultural use of fertilizers has been 
implicated in degradation of the environmental quality of 
lakes, rivers and aquifers. There is also widespread pubjic 
concern about the use of pesticides, including fungicides on 
farms and their potential effect on our environment and food. 
However, it is certain that the use of fungicides as part of 
intensive agriculture has stabilized our food supply and 
permitted millions of people to live longer lives. Data from 
laboratory have indicated that foliar sprays of phosphate and 
potassium salts can induce systemic protection against foliar 
pathogens in various crops such as cucumber, maize, ro§e, 
grapevine, apple, mango and nectarine. Expression of disease 
tolerance is dependent on a number of factors including use of 
fertilizers and pesticides. Therefore, the possible dual role of 
NPK fertilizers in activation of the mechanism (s) which induce 
plant protection against pathogens was studied. Data from the 
application of this concept to various host-pathogen 
interactions are presented in the present review. A single 
phosphate spray of 0.1 M solution induced a systeipic 
protection against powdery mildew in cucumber caused by 
Sphaerotheca fuliginea. This systemic protection against 
powdery mildew in cucumber was obtained on upper leaves 
after NPK fertilizer application on the lower leaves. It was 
evident throughout all the experiment that a single application 
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of phosphates was effective in suppressing the lesions of 
powdery mildew on the diseased foliage of cucumber, 
greenhouse grown roses, field grown mango, nectarine and 
grapevine. This phenomenon was investigated in combination 
with fungicides (Reuveni and Reuveni, 1998). 
Schnabel et al. (1998) showed the effects of Ca-
dodecylbenzolsulfonate (DBS) alone and in combination with 
a-tocopherol on the grape variety 'Blauer Spaetburgunder' . 
DBS (0.02, 0.06 and 0.1%) was sprayed from May until Sept. 
every 10-14 days with (DBS + Toe.) or without (DBS-Toe.) the 
addition of a-tocopherol (200 mg/1). In 1993, the disease was 
not sufficiently controlled, but in 1994, 0.06% DBS-Toe, 
0.06% DBS+Toc. and 0 .1% DBS+Toc. reduced disease 
development significantly. The addition of a-toc. to the 
application solution had no pronounced effect on disease 
incidence as compared to the corresponding treatment without 
the vitamin. 
Thind et a/.(1998) observed the reduced sensitivity in 
[Jncinula necator to triadimefon in Indian conditions. Being 
site specific in their mode of action, these systemic fungicides 
are known to be often confronted with the problem of 
resistance development in the target pathogens. In India, this 
forms the first repoit of resistance development in U. necator 
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to tiazole fungicides in practice and steps should be taken 
to rationalise the use of these site specific fungicides. 
Field trials by Saxena and Saxena (1999) for the control 
of powdery mildew of green gram with various fungicidal 
sprays revealed that carbendazim @ 0.05 and 0 . 1 % were 
equally effective in all three years of trials. Maximum yield 
was obtained in carbendazim 0 .1% followed by its lower 
conentration 0.05%. However, carbendazim at 0.05% gave 
maximum net profit followed by its 0 .1%. Therefore, single 
spray with carbendazim was found to be economical in 
controlling powdery mildew of greengram during rainy season. 
Disease assessments and cytological investigations by 
Wurms et al. (1999) provided valuable information on the 
modes of action and efficacies of two prophylactic 
compounds, Milsana and benzothiadiazole (BTH), against 
powdery mildew development on long English cucumber. 
Milsana application significantly reduced disease incidence 
relative to inoculated controls through induction of localized 
resistance. Microscopic observations showed most haustoria 
had collapsed in the localized Milsana treatment and were 
encapsulated by an amorphous material impregnated by 
electron opaque substances. The rapidity of haustorial 
collapse (within four days of treatment application) together 
with the encasement of electron dense substances stained blue 
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by toluidine blue O suggest that phenolics are possibly 
involved in the Milsana defense response. Cytochemical 
labelling of chitin with a wheat germ agglutinin/ovomucoid 
gold complex showed that complete cellular disorganization of 
the fungus had occurred without disturbance to chitin in fhe 
walls of mycelia and haustoria. This may indicate that 
chitinolytic activity is not important in the Milsana- activated 
defense response. Application of high does of BTH induced 
occasional cell wall thickening and accumulation of a 
compound that stained purple by toulidine blue O, but the 
defense response was weak, sporadic and insufficient to 
reduce powdery mildew infection on cucumber. Responses to 
BTH could not be differentiated in terms of timing of the 
initial application or systemicity. 
&^imi 
9fc/d 
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The family Brass icaceae is not free from the 
infection of powdery mildew and a cons iderable damage 
is r epor ted every year due to this d isease . The review of 
l i te ra ture clearly expla ins that little a t t empt has been 
made to study the causal organism of the powdery 
mildews systematical ly on different members of this 
family. Moreover, meager is known about the factors 
affecting the d i sease development . Hence the following 
a spec t s have been studied :-
1. Assessing the incidence of powdery mildews on 
some economical ly important members of 
Brass icaceae , in some districts of U.P . 
2. Collect ion of inocula of different powdery mildews 
from infected p lan ts of Brass icaceae . 
3 . Raising the inoculum collected by artificial 
inocula t ions on suscept ible var iet ies . 
amyd 
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Survey: Survey for the incidence of powdery mildew was 
made from different localities at Aligarh, Firozabad , Agra and 
Mathura districts of U.P. and their adjoining areas, where 
different members of Brassicaceae are grown. The severity of 
powdery mildew was graded as under:-
No infection (-) = No visible disease symptoms. 
Mild infection ( + ) = A few pustules, small in size and 
scattered. 
Moderate infection (++) = Many pustules , larger in size 
tending to coalesce. 
Severe infection (+ ++)= Big pustules covering almost the 
entire leaf areas . 
Collect ion , ident i ty and maintenance of p a t h o g e n :- For 
identification of the pathogen infected parts of the plants 
from different localities were collected, labelled and brought 
to the laboratory in the polythene bags. Conidia and mycelia 
were examined under the microscope for anamorph characters 
in the absence of perithecia. These characters include the 
colour of mycelium in older pustules (Rodigin , 1936 and 
Yarwood ,1957); shape of conidia (Alcorn ,1968) ; presence 
and absence of fibrosin bodies(Homma , 1937; Clare ,1958 , 
1964 : Kable and Bellantyne ,1963 and Jhooty , 1967);and 
type of germ tube (Hirata , 1942 , 1 9 5 5 ; Kable and 
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Bellantyne , 1963 and Zaracovitis, 1965) and conidial 
measurements (Bouwens. 1924,1927). At least 200 conidia 
were measured to determine the size i.e. length and width. 
The shape of conidia was also observed under microscope 
whether they are ellipsoidal, cylindrical, barrel, oblong, ovoid, 
lanceolate, clavate. pyriform or rhomboid . 
In order to ascertain the presence or absence of fibrosin 
bodies in conidia collected from different localities these were 
mounted in 3% aq. KOH solution (Kable and Bellantyne, 
1963) and observed under the microscope. 
To determine the type of germ tube and appressoria 
,conidia were dusted over dry clean glass slides placed on 
glass triangles in a sterilized petridish containing double 
distilled water at the bottom, which were transferred to 
B.O.D. incubator running at 17-22°C. After 24 hours, conidia 
were stained in cotton blue and mounted in lactophenol to 
observe the type of germ tube viz.. simple and straight, simple 
and flexuous, branched, forked and broadened, coiled, double, 
broadened etc. and length viz.. long, moderately long, short 
and place of emergence of germ tubes on the conidia; and 
percentage of germinating conidia. Type of appressoria were 
also determined whether they are lobed , unlobed or double.-
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In order to maintain the inoculum for further studies, 
seedlings of the respective hosts in the cotyledonous stage or 
at 3-4 leaf stage grown in autoclaved soil of composition 
7 :3 :1 , clay: sand : compost , respectively contained in 6 
inches clay pots were inoculated. For inoculation dusting of 
conidia was done (Schmitt, 1955).The inoculated plants were 
kept in separate glass house chambers at 17-22°c in order to 
avoid mixing of inocula. Plants were regularly examined for 
the appearance and the development of disease. 
Host range s tudies : - To study the host range and varietal 
resistance, four week old plants and seedlings (in the 
cotyledonous 3-4 leaf stage) of various plants belonging to 
famlily Brassicaceae, different cultivars raised from surface 
sterilized seeds grown in autoclaved soil will be inoculated 
with respective inocula by dusting . The studies will be carried 
out in pots. These studies will be repeated with different 
isolates of powdery mildews. For pot studies, inoculated 
plants will be transferred to glasshouse and temperature will 
be recorded. On the other hand , for field trials inoculated 
plants will be transferred with entire soil to pits earlier dug at 
a distance of 8-12 ft. Healthy seedlings will also be 
transferred in the same way to serve as control. Temperature 
in field will be recorded regularly. Temperature in field will be 
in between 18-22 °C at the time of tests. 
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After 20 days of inoculations . the intensity of 
disease will be rated but over all rating will be categorised as:-
Resistant (R) = Mildew fail to appear. 
Susceptible(S) = Mildew appeared. 
Similar inoculation tests will be made on detached leaves or 
on leaf discs for studying the varietal response of different 
cultivars of Brassicaceae hosts (Morrison 1960 , 1964). 
Leaves will be removed from the uppermost nodes of 
uninfected plants grown in 6 inches clay pots. 
Leaf discs will be cut with 1 cm diameter steri l ized 
corkborer and floated on water in pe t r id ishes . On the 
other hand , de tached leaf will be placed on glass 
t r iangles in a pet r id ish with pet ioles dipped in water 
.They will be inoculated with conidia. 
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During the survey conducted in different localities of 
the above mentioned districts of western U.P. , the severe 
infection of powdery mildew was observed on following 
cruciferous hosts, Raphanus satiuus (Sharma 1979) ; Brassica 
rapa (Patel et al. 1949); Brassica campestris and B. juncea 
(Sankhla et al. 1967) . A new host record of an ornamental 
Brassica was also found infected severely in Aligarh district 
which has been deposited in the herbarium in Division of 
Plant Pathology and Mycology ,IARI , New Delhi (Ace. No. 
HCIO, 43,429) . The fungal species was tentatively identified 
as Oidium state of E. cruciferarum Opiz ex Junell. 
The reaction of five different cultivated crucifers against 
E. cruciferarum when grown in glasshouse has been recorded 
and shown in table 2. These inoculations were made to screen 
the mentioned crucifers for their resistance and susceptibilty. 
The inoculum was raised on susceptible varieties for future 
studies. 
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T a b l e ! 
Incidence of powdery mildew on var ious cruc i fers in various 
d i s tr ic t s of w e s t e r n U.P. 
Local i t ies 
1 Agra 
(a) Bye pass road 
(h) Khandoli 
(c) Etmadpur 
Plants grown 
Raphanus satiuus 
B. oleraceae var 
capttata 
B oleraceae var 
botri;tis 
B carnpestris var 
sarson 
D e g r e e of in fec t ion 
+ + 
+ + + 
11 Firozahad 
(a) Tundla 
(h) Jasrana 
(c) Dabrai rural 
Raphanus satwus 
B oleraceae var 
capitata 
B oleraceae var 
botriitis 
B. carnpestris var 
sarson 
+ + 
+ + + 
111 Mathura 
(a) Bnandavan 
(h) Nandgaon 
(c) Delhi road 
Raphanus satwus 
B oleraceae var 
capitata 
B oleraceae var 
bot ry t i s 
B carnpestris var 
sarson _ ^ _ 
+ + + 
+ + + 
iV Ahgarh 
(a) Iglas 
(b) Agra road 
(c) University 
campus 
Raphanus satwus 
B oleraceae var 
capitata 
B oleraceae var 
botry)tis 
B carnpestris var 
sarson 
Ornamental Brassica sp 
+ + + 
+ + 
+ + + 
+ 
+ + 
+ + + 
No infection 
Mild infection 
Moderate infection 
Severe infection 
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TabIe-2 
R e a c t i o n of f ive di f ferent c u l t i v a t e d cruc i f ers 
a g a i n s t E. cruciferarum when i n o c u l a t e d p l a n t s are 
grown in g l a s s h o u s e 
Cultivated crucifers React ion against 
£ . cruc\jerar\xn\ 
R= Resis tant 
S= Suscept ib le 
i 
1 1 
KapharwiS sa t iuus ! S 
1 
B. o\eraceae var. boiryi'xs 
B. oleraceae var. capitata 
1 
B. campestris var. sarson 
' Ornamenta l Brassica sp 
R 
R 
S 
s 
Fig. 1: Pods & Stems of 6 compestns var sarson 
showing severe natural occurrence of powdery 
mildew fungi. 
Fig. 2: Adaxial portion of leaf of ornamental brassica species showing patches 
of powdery mass caused by powdery mildew fungi 
Fig. 3: Abaxial portion of leaf of ornamental brassica species showing patches 
.^ V . of powdery mass caused by powdery mildew fungi. 
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